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Dans son allocution a l’adresse de Sa Saintete le Pape, le Professeur Lust explique comment les organismes 
spatiaux, a travers le Groupe consultatif inter-Agences, ont saisi cette occasion unique du retour de la 
comete de Halley pour mettre sur pied la plus grande campagne spatiale jamais entreprise a ce jour. Le 
sens du travail d’equipe, qui se manifeste dans le ‘concept de l’Eclaireur’, la mise en commun d’idees et 
de savoir-faire, ainsi que 1’esprit de cooperation qui continue a se developper, devraient contribuer a pro- 
mouvoir i’unite et la paix entre les nations. 


B cbocm oGpameHHH k ero CBaTefiiiiecTBy riane npotjieccop JIioct onncbiBaeT, ksk KocMHHecKHe 
areHTCTea qepes nocpeacTBo MexcBenoMCTBeHHOii KOHcyjibraTHBHOH rpynnbi ncnojib30BajiH 
yHHKajibHeuujyK) BO3M0xcHocrb, npeflocTaBJieHHyio noHBneHHeM KOMeTbi rajuiea, nna 

npOBe^eHHH K 0 CMH 4 eCK 0 fi KaMnaHHH, C 3 M 0 H GOJlblllOft CpeflH HMeBLUHX MeCTO. MyBCTBO 
TOBapHtuecTHB, npoflBHBmeeca b npoeKTe „JlouMaH“ h npH o6MeHe HjiejTMH h 3naHHJiMH, h cnoco6 
oSmeHHs, npw KOTopoM ayx coTpyijHHiecTsa ocTaea^ca h 6yaeT ocraBaTbCJi b SyaymeM, 
npeB 03 H 0 CJITCH KBK I 103 HTHBHblfi BKJT 3 JI B MHpHblft COK33 HeJIOBCHeCKOH pECbl. 
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Presentation Address to His Holiness Pope John Paul II 
by Professor Reimar Lust, 

Director General, European Space Agency 


Your Holiness, 

We bring you today positive proof that science knows 
no boundaries when it is sought in the name of peace 
and the furtherance of Man's knowledge of the 
Universe in which he lives. 

For many thousands of years human beings have 
looked up at the stars, and across the panoply of the 
heavens they have observed the slow, majestic march 
of the comets. These wanderers have filled many with 
dread and foreboding, but at the same time they have 
stimulated others to think and probe more deeply. 

Of all the comets which are visible from the Earth, none 
is better known than Halley’s Comet named after the 
scientist who first plotted its orbit, and correctly 
predicted its return, and by so doing, gave fresh 
impetus to the study of comets and their place in the 
solar system. The regular visits of this comet have been 
observed since 240 BC, and they have coincided with 
many of the dramatic events of history. Artists have 
portrayed the comet: in particular the apparition of 
1301 inspired Giotto di Bondone to include the comet 
as the Star of Bethlehem in his fresco The Adoration of 


the Magi which adorns La Cappella degli Scrovegni in 
Padua. 

It was therefore fitting that Halley’s Comet, 
approaching the Sun once more on its seventy-six year 
journey, should be chosen for the first joint venture by 
the four space agencies to learn more of the nature and 
composition of this ancient traveller. 

From the inception of the venture, the space agencies, 
and the international space science community strove 
together to ensure that this once-in-a-lifetime 
opportunity would not fail for lack of mutual trust and 
endeavour. The result was the largest space campaign 
ever undertaken. 

Through the Inter-Agency Consultative Group, the 
scientists opened not only their doors, but also their 
minds and aspirations, and their expertise to each 
other. Thus was the fleet of spacecraft, which carried 
the instruments and hopes of Halley's successors, and 
the ground stations which guided and monitored them, 
prepared for the eventful encounter with the comet in 


the Spring of 1986. The American ICE spacecraft 
although passing at a very great distance, observed 
particles originating from the Halley Comet nucleus; the 
Japanese Sakigake and Suisei spacecraft passed closer, 
probing the outer layers of Halley’s atmosphere, while 
the two Soviet Vega spacecraft would fly by even 
closer, penetrating deeply into the atmosphere. The 
European Space Agency’s Giotto spacecraft was set to 
achieve the closest possible approach to the nucleus of 
the comet. Yet the precise position of the nucleus 
within the far-scattered coma visible from the Earth 
was not known. 

It was then that the sense of partnership manifested 
itself most strongly. The technologists came together to 
present the Pathfinder Concept by which the Russian 
Vega spacecraft would relay the latest information they 
had on the comet nucleus through the ground stations 
so that Giotto could be guided on its final approach. 
But this information, in itself, would not be sufficient 
unless the exact location of the Vega craft were known. 
The United States offered its Deep Space Network to 
provide the delicate accuracy required to complete the 
answer. The effectiveness of this internationally 
inspired collaboration was witnessed across the world 


as the television screens recorded the exciting last 
moments of the encounter. We have seen for the first 
time, the nucleus of Halley’s Comet, the fount of all the 
activity which provides such a spectacular display 
during its closest passage to the sun. 

During the succeeding months the cooperative spirit 
has remained as scientific data has been exchanged 
and analysed, and the comet has given up many of its 
secrets. And the recent conference in Heidelberg on the 
exploration of Halley’s Comet brought together 
scientists from all continents and space missions to 
exchange their discoveries. Man’s knowledge of the 
origin of the solar system has edged a little further 
forward, and the way is open for fresh explorations. 

Of equal importance has been the joint nature of the 
venture. I am, therefore, delighted to announce that the 
Inter-Agency Consultative Group will remain in being, 
bringing together scientists and technologists from 
many races and creeds to explore the Universe around 
us. We all applaud the growth of belief in a common 
fellowship born of the quest for knowledge by which 
Man can unshackle the chains of ignorance, and step 
confidently into the future in peaceful union. 
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Dans son allocution a l’adresse du President de la Republique italienne, le Professeur Lust etablit un paral¬ 
lel entre l'esprit de la Renaissance et l'esprit de cooperation qui a anime ies scientifiques lors du retour 
de la comete de Halley. La Renaissance etait une epoque de grands departs; l'envoi de sondes spatiales 
vers la comete annonce de nouveaux departs pour la science astronomique. La Renaissance etait une epo¬ 
que de reflexion sur les enseignements du passe; la grande mission scientifique et technique de 1986 a 
suscite un nouvel elan dans la cooperation Internationale. L’aventure a ete couronnee par une reussite spec- 
taculaire. Les avantages obtenus dans cette collaboration, comme d’ailleurs le defi de faire travailler ensem¬ 
ble des hommes de cultures, de formations et de conceptions si differentes, ont amene les Agences spatiales 
a etendre leur cooperation a d’autres programmes scientifiques d’interet mutuel. 


B cBoeM obpameHHH k FIpe3imeHTy pecny6jimcn HTajma npocfreccop JIioct npoBo^HT napajmejib 
MejKjiy onoxofl Bo3pa>KfleHHfl u poctom coTpyAHtmecTBa HauHfi npw BCTpene c KOMeroii ramies. 
3noxa Bo3po>KfleHHa — 6bi.no BpeMfl nepeocMbicjiHsaHHS ypoxoB npouuioro; cOBMecTHbiH 
HayHHbift h TexHtmecKHfi npoeKT noneTa k KOMeTe pa3)Ker noBbin ayx coTpyAHimecTBa. Pe3ynbTaT 
— 3axBaTbisaK )iiihm ycnex, h, BHija npeHMymecTBa cobmccthoh pa6orbi, Bbiroay ot o6beAHHeHHH 
pa3JiH4Hbix KyjibTyp, noaxoitOB h mctohob, KOCMMHecKwe areHTCTBa npHHSJiH pemeHne 
pacumpim. corpyAHHHecTBo Ha apyriie HaynHbie nporpaMMbi, HMeiomne o6mnw HHTepec. 
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Discorso Inaugurate al 
Signor Presidente 

della Republica Italiana, Francesco Cossiga 
del Professor Reimar Lust, 

Direttore Generate 
dell’Agenzia Spaziale Europea 


Signor Presidente, 

11 significato del nostro incontro odierno sta nella 
commemorazione di un grande evento nella 
cooperazione scientifica che ha attratto l'attenzione del 
mondo, e che ha messo le basi per future imprese dello 
stesso genere. £ sintomatico che questo incontro si 
tenga in Italia se ci si vuol permettere l'audacia di un 
parallelismo tra i nostri sforzi, per quanto di gran lunga 
piu modesti, e 1'origine del Rinascimento. 

E una fortunata coincidenza che una sonda della 
flottiglia che mosse alio storico incontro con la Cometa 
di Halley, portasse il nome di Giotto di Bondone al 
quale pud farsi risalire 1'impulso iniziale del 
Rinascimento. Egli infatti ebbe l'ispirazione di 
rappresentare la Cometa di Halley nel suo affresco 
l'Adorazione dei Magi. 

Il Rinascimento rappresento un periodo di aperture 
novelle unite ad una riscoperta della tradizione 
classica. L'attivita congiunta di scienziati ed ingegneri, 
lavorando insieme sotto l'egida dell'IACG, 1'InterAgency 
Consultative Group, ci ha testimoniato di un nuovo 
slancio in astronomia, una delle piu antiche discipline 


Presentation Address to 

His Excellency The President 

of the Republic of Italy, Francesco Cossiga, 

by Professor Reimar Lust, 

Director General, European Space Agency 


Your Excellency, 

We meet today to celebrate a great achievement in 
scientific cooperation which has captured the 
imagination of the world, and has laid solid 
foundations for future ventures. And it is right that we 
should hold the celebration in Italy, for it is not 
straining comparisons too far to draw parallels with the 
birth of the Renaissance, albeit that our efforts are on 
a much more modest scale. 

It is a happy coincidence that one of the fleet of 
spacecraft which encountered Halley's Comet so 
successfully should have been named after Giotto di 
Bondone, to whom is traced the original impetus for 
the Renaissance. He in turn had been inspired to 
include Halley’s Comet in his ‘Adoration of the Magi’. 

The Renaissance was a time of new departures, 
associated with a fresh understanding of the classical 
tradition. What we have witnessed through the efforts 
of the scientists and technologists working together 
under the aegis of the Inter-Agency Consultative Group 
has been a new departure in astronomy, one of the 
oldest and most traditional of sciences. The results of 







scientifiche. Il risultato dei loro sforzi congiunti ha 
condotto a delle osservazioni rivoluzionarie sulla 
natura delle Comete, sui fossil! cioe della nebulosa da 
cui trasse origine il sistema solare. 

Il Rinascimento si diffuse dall'Italia attraverso la piu 
gran parte dell'Europa. Forse in questo rispetto 
possiamo persino prevalerci di qualche vantaggio. 
L/IACG infatti ha vocazione globale in quanto le quattro 
Agenzie che ne fanno parte rappresentano piu di venti 
nazioni. 

Il Rinascimento fu un periodo di movimenfo delle 
spirito umano e di ripensamento delle grandi lezioni del 
passato. Noi concepiamo i nostri sforzi nella stessa 
luce. Lo spirito di cooperazione, sostenuto cos 
entusiasticamente dal Prof, Giuseppe Colombo, al 
momento della prima riunione dell'IACG a Padova nel 
1981, ha brillato fulgidamente negli anni successivi. 
Infatti il coordinamento di tanti disparati esperimenti 
scientifici per migliorarne il rendimento, lo scambio di 
informazioni tecniche e 1'omogeneizzazione di sistemi e 
scale dei tempi differenti e separati in una 
pianificazione congiunta, pur nel rispetto delle pro¬ 
cedure proprie di ogni Agenzia, ha richiesto pazienza, 


their labours has been a revolutionary new under¬ 
standing of the nature of comets- those primordial 
remnants of the nebula from which the solar system 
originated. 

The Renaissance spread from Italy to affect much of the 
rest of Europe. Perhaps this is the one respect in which 
we can make greater claims, for the Inter-Agency 
Consultative Group is truly global, as the four agencies 
taking part represent more than twenty nations. 

The Renaissance was a time of movement of the 
human spirit, a rethinking of the lessons of the past. 
We see our efforts in a similar light. The spirit of 
cooperation kindled so enthusiastically by Professor 
Giuseppe Colombo when the Inter-Agency Consultative 
Group first met in Padua in September 1981 has 
burned brightly throughout the succeeding years. 

To coordinate the scientific experiments to ensure the 
best possible data return, to exchange technical 
information and link widely dispersed systems and 
schedules into a common programme while leaving 
individual freedom for each Agency to develop its 
projects to conform with its own methods and means 


tatto e comprensione ma soprattutto fiducia reciproca 
e buona volonta. 

II risultato fu all'altezza delle aspettative, ed evidente a 
tutti mentre i dati delle sonde riempivano gli schermi 
televisivi in tutto il mondo e i computers degli 
scienziati. 

Nelle Agenzie spaziali abbiamo fatto un'analisi 
dettagliata dei nostri progress) e li abbiamo messi in 
prospettiva. Abbiamo apprezzato il vantaggio di 
lavorare congiuntamente, di porre in contatto culture, 
metodi e tecniche different), per ottenere per noi tutti 
un beneficio maggiore di quanto non sia ottenibile 
indipendentemente da ogni singola Agenzia. 

Sono lieto di conseguenza di poter annunciare che oggi 
non solo commemoriamo un'impresa condotta a buon 
fine, ma anche la decisione di continuare la nostra 
cooperazione, e di estenderla negli anni a venire ad altri 
programmi di interesse reciproco. 

Il Rinascimento si sviluppo da modesti inizi in un 
illuminamento generale. Esprimiamo oggi 1'augurio che 
tramite la cooperazione per l'incontro della Cometa di 


has called for patience, tact, understanding, and above 
all trust and goodwill. 

The outcome was there for all to see as the data flowed 
onto the television screens around the world as well as 
into the computers of the scientists. 

We, in the Space Agencies, have now had time to 
review our achievements and to put them into 
perspective. What we see are the advantages of 
working together, the challenges of melding different 
cultures, different approaches and different techniques, 
so that we may all benefit beyond the scope available 
to any one agency. 

1 am therefore pleased to report that not only are we 
celebrating an endeavour successfully completed, but 
also the decision to continue our close cooperation; 
extending it in the coming years to other scientific 
programmes of mutual interest. 

The Renaissance grew from small beginnings to a 
general enlightenment Let us hope that the space 
scientists and technologists have by their cooperation 
during the many phases associated with the encounter 





Halley siano stati impiantati dagli scienziati e ingegneri 
spaziali quei semi forieri nelle decadi future di lunga e 
benefica cooperazione basata sulla fiducia e sullo 
sforzo congiunto. 


with Halley’s Comet planted the seeds which could 
blossom in the coming decades into a long and fruitful 
cooperation based on trust and the sharing of effort. 









From the Bayeux Tapestry — depicting 1066 apperatiom 






















Dans cette allocution de bienvenue prononcee lors de la premiere reunion du Groupe consultatif inter- 
Agences en 1981, le regrette Professeur Colombo, apres avoir souligne le role joue par la cite de Padoue 
dans la naissance de la science moderne, forme le voeu que les scientifiques, en unissant leurs efforts pour 
1’exploration de la comete de Halley, montreront au monde comment des hommes de bonne volonte peu- 
vent travailler ensemble pour faire avancer la science au service de la verite et de la paix. 


3 to npHBeTCTBeHHoe BbiCTyruieHHe noicoHHoro npo<J)eccopa KojtomGo Ha nepBOM 3 aceaanHH 
MejKBejjoMCTBenHofl KOHcyjibTaTHBHOH rpynnbi (IACG) b 1981 r. Oh onHcaji ponb naayn b 
po>KfleHHH coBpeMeHHoil HayKH h npeAnojioHoui, hto yneHbie, o6beawHHB cboh ycnjinw ajib ocy- 
mecTBueHHji npoeKTOB H3yHeHHB KOMeTbi raiuieB, noica>KyT Mwpy* Kaic jtioah ao 6 poh bojih, 
pa6oTas BMecTe, CMOryT bhccth csofi BKjiaa b yBejiHHCHHe 3H3 hhh, ycTaHOBJieHHJi hcthh h 
cnoco6cTBOBaTb co3AaHHK> MHpHoro h nymiiero o6mecTBa. 
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Welcoming Address to the first Inter-Agency Consultative Group meeting 
Padova, 13-15 September 1981 

by the late Professor Giuseppe Colombo 


On behalf of the President and of the Academic Com¬ 
munity of the University, I wish to welcome you to 
Padova. I also wish to express our feeling of gratitude 
to ESA for having convened this historic meeting here. 

The city of Padova is a very old pre-Roman settlement 
on rich soil, between the rivers flowing from the 
Dolomites to the Adriatic. During the Roman period the 
city flourished as a major agricultural and commercial 
centre. Invasions and natural calamities destroyed the 
city several times during the middle ages. 

After the Longobards had razed Padova to the ground, 
the population of the city and its surroundings took 
shelter on the many islands of the nearby lagoon, and 
Venice was born. Almost a century later Padova started 
to grow again, reaching its greatest splendour as an in¬ 
dependent and free community in the thirteenth cen¬ 
tury with the Carrara family. 

In the year 1300 a rich family of usurers, the Scrovegni 
family bought the land on which the Roman arena 
stood and its surroundings and there built the family 
chapel. Giotto di Bondone was asked to paint the 
fresco, the monumental masterpiece you have admired 


today. In 1301 Halley’s Comet revisited the inner solar 
system, and one or two years later Giotto began his 
work. 

The University of Padova, established in 1222, only one 
year after the University of Bologna, developed steadily 
in the following century, reaching its zenith when 
Venice took over political control of the city. Venice, in 
recognition of the strong link with its mother city, made 
the University of Padova an island of freedom, a shelter 
from the inquisition, a unique ‘studium’ whose motto 
was ‘Universa Universis Patavina Libertas.' 

The Venetian Republic established several basic rules. 
One was that the Studium Patavinum, the only 
‘studium’ of the Republic, was to be independent of any 
political or religious control. It was therefore established 
in Padova and not in Venice. The theological school 
which formed part of the studium was separate from 
the University. The Jesuits, who were controlling most, 
if not all, of the universities in Europe at that time, did 
not control Padova. Degrees were conferred in the name 
of the Venetian Republic and not in the name of the 
Pope, and a profession of faith was not required to 
study here. 







From the University of Padova the European Medical 
School developed. For more than a century, only in this 
school did the professors teach in the aisles of the 
hospital and only here did they teach anatomy by sec¬ 
tioning human bodies in the Anatomic Theatre, which 
you will have the opportunity to visit tomorrow. 

Galileo came to Padova S00 years ago at the end of the 
sixteenth century and was here for 20 years. From here 
he observed the four major satellites of Jupiter and 
showed beyond doubt that the centre of the Universe 
was not the Earth but the Sun. 

Silently and smoothly, just as the gondolas glide 
through Venice, the modern scientific revolution 
flourished in Padova, the revolution that brought socie¬ 
ty from the medieval to the modern age. 

The significance of the meeting that will take place over 
the next two days may go far beyond the scientific and 
technological interest of the matter with which you will 
be dealing. The discussions on the scientific ex¬ 
periments and technological problems of the various 
missions to Halley’s Comet, as well as the setting up of 
an efficient worldwide organisation for coordination of 


the efforts, will play an essential role in maximising the 
chances of success for such a difficult endeavour. If you 
can succeed in reaching agreement on optimum in¬ 
tegration of the various space probes and the ground 
and space observations beyond national interests and 
within the bounds of a fruitful cooperation, you can 
show the World how men of good will have an intrinsic 
ability to work together to establish the truth, to in¬ 
crease knowledge among men, and to foster a peaceful 
and better society. 

For the very reason that space has no boundaries, Man 
in his space ventures will be confronted sooner or later 
with the choice between war, which would probably 
lead to the final destruction of our civilisation, and 
cooperation. In the popular tradition, the apparition of 
a comet has often been considered a precursory sign of 
calamity, famine, natural disaster or war. Let us try to 
disprove this belief. Let us try to profit from the unique 
occasion of the first perihelion passage of Halley’s Com¬ 
et in the space age to promote worldwide peaceful 
cooperation in space. 
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A selection from lohann Hevelius' classification of comet tails in the seventeenth century, 





























Agen< « spatlali! europ£enne (ESA) 

Composition colotee du noyau dc la conuHe de Halley A partir de quatre photos prises par la camera multlbande (HMC) bord 
de Ciollo, respectivement A des distances de 19 947, 9847, 4947 et 2490 km du noyau. Lors de la phase d'approche finale, 
la resolution spatialc devenait de plus en plus fine A rnesure que la distance diminuait (100 m de resolution dans 1’image du 
centre). En meme temps ['image se rapetissait en raison de la fixity du champ de vue de la camera (0,1 °). L'image du centre 
rnesure 4 km de cflte. les vues ^talent prises avec un filtre transparent couvrant la gamme de longueur d’onde 300-1000 nm. 
Le Soleil est a gauche, A 27° au-dessus de I’horizontale et 15° a I’arridre du plan de l’image. On distingue le cote nuit du noyau 
(partie sombre A droite), les jets de poussi£re brillants du cote jour (& gauche), et la faible lueur de la chevelure de poussiSre 
dans le fond. Le cot£ du noyau expose A la lumidre du jour (en haut a gauche) montre plusieurs structures crateriformes. (Photos 
MPAe Lindau, 1986}. 


Esponeftcicoe KocMmecicoe AreHTCTBO (ESA) 

nceafloueeTHOe coBMemeHHoe moepajKcmic aapa KOMert-i rannea. Hao 6 pa>KeHHe eocTaBJteHO H 3 qeTbipex chhmkob, nonyieHHbtx 
c noMomwio cncKTpoaoHarabHOfi TB-KaMepu Tajuieft (HMC) Ha 6 opTy kocmhicckoto annapaTa ZDKOTTO Ha 19947, 9847 h 4947, 
2490 km ot szipa. Ha kohchhoA ctajdih normera xxtpo paipemanocb h no Mepe npH 6 jiH*eHHH k HeMy nojiynajiH H 3 o 6 pa»<eHHfl c 
Bee 6 onee bmcokhm npocrpaHCT bch h l. i m paapemeHHeM (100 m ana Kaapa, nojiyqeHHoro c MHHHMajTbHOro paccrosHHa), B to *e 
BpeMx pasMep Kaapa yMCHbuiancji m-aa ())Hk c h p obb h h oro no/iH 3penna xaMepbi (0,1°). Kaap, nojiyqeHHbifi c MHHHManbHoro 
paccTOBHHJi ot flapa, cooTBCTCTByeT 4 KHJioMeTpaM. Chhmkh nojiyqajincb b anana30He ajihh bojih 300-1000 km (6e3 
cneKTpoaoHanbHOro tjiHJibTpa). CoriHue HaxoxuiTca cneBa, 27° naa roptnoHTanbio chhmka h 15° la miocKOCTbK) chhmkh. Ha 
coBMetueHHOM H 3 o 6 pa>KeHHH BHflHa TCMHaH HOMHaa cropOHa aapa (enpasa), apKHe axerbi nunii Ha aHeenofl ctopohc (cneBa) h 
aia 6 wiS (fjoHOBbift cbct nbrneBOft komh. Momcho paa/iHHHTb HccKonbKo KpaTeponoao 6 Hbix o 6 pasoBaHnfi Ha ocBeuieHHofl nHeaHOil 
CTOPOHC (BBepxy eneBa) (FlpaBO Ha KonupoBaHHe 1986 MPAe JlHHnay). 
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European Space Agency (ESA) 

Pseudocolour composite image of the nucleus of Halley’s Comet. The picture is a composite of four images taken by the Halley 
Multicolour Camera (HMC) on board Giotto at 19947, 9847, 4947 and 2490 km from the nucleus. In the final approach phase 
the nucleus was resolved and images with higher and higher spatial resolution (50 m per pixel in the innermost frame) were 
taken as the distance to the nucleus decreased. At the same time the size of the frame decreased due to the fixed field of view 
of the camera (0.1°). The innermost frame corresponds to four kilometres. The images were exposed through the clear filter cover¬ 
ing the wavelength range 300 - 1000 nm. The direction of the Sun is to the left, 27° above the horizontal, and 15° behind the 
image plane The composite image shows the dark night side of the nucleus (right), the bright dust jets on the day side (left), 
and the faint background light of the dust coma. On the daylight side of the nucleus several crater-like features can be identified 
in the innermost two frames, (image copyright 1986 MPAe Lindau) 
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European Space Agency (ESA) 

Cometary ions observed in three different directions by the Implanted Ion Sensor of the JPA experiment on board Giotto. Upper 
panel: 85° ■ 95°. i.e. perpendicular to the spacecraft spin axis; middle panel; 50° - 60°, i.e.in the direction of the solar wind; lower 
panel: 15° - 25°, i.e. in the forward direction. Observations are shown from 12.34 UT on 13 March (2.8 million km. before closest 
approach) to 12,00 UT on 14 March (2.9 million km. after closest approach). The ordinate gives ion energy in electron Volts (eV), 
colour coding represents intensity with red corresponding to the highest, and dark blue to the lowest fluxes. The energy of the 
peak intensity gives the plasma velocity, the width of the distribution the plasma temperature. In each panel the lower band 
refers to protons, the upper panel to ions in the mass range 12 ■ 22 atomic mass units (predominantly 0\ OH*. H 0*). At large 
distances from the nucleus the undisturbed solar wind is clearly seen in the middle panel at about 700 eV, corresponding to 
350 km/s. Closer to the nucleus the distribution broadens (plasma heating) and shifts to lower energies, indicating the decelera¬ 
tion of the solar wind. Very close to the nucleus the solar wind is deflected away from the viewing direction of the middle sensor. 
The upper panel shows cometary water group pick-up ions already at large distances from the nucleus. They are identified by 
their energy (about 30 keV) which can be up to four times higher than if they were solar wind ions. Their distribution widens 
significantly between 19.30 and 20.00 UT indicating Giotto’s crossing of the bow shock. At large distances from the nucleus pick¬ 
up ions were mostly observed perpendicular to the spacecraft spin axis which at that time was roughly perpendicular to the 
magnetic field. Closer to the nucleus most pick-up ions come from a forward direction (lower panel) indicating the draping of 
the magnetic field lines around the comet. The blank spaces in the centre of each panel are data gaps due to the loss of the 
Giotto telemetry link after dust impact at the time of closest approach. 
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European Space Agency (ESA) 

Magnetic field and cometary ion observations within 2SOOO km from the nucleus. 16400 km before closest approach (CA) the 
magnetic field magnitude (lower panel) reached a maximum of 57 nT (magnetic pile-up region). Afterwards the magnitude started 
to decrease rapidly, to essentially zero inside the contact surface, which was crossed at 4700 km before CA. The spacecraft was 
inside this magnetic ‘cavity’ for about 2 minutes. On the outward bound pass the contact surface was crossed at 3800 km after 
CA and the magnetic field magnitude rose rapidly to reach an even higher maximum of 65 nT at 8200 km after CA. At the same 
time as these magnetic field observations were made, a steadily decreasing ion temperature (middle panel) and velocity (upper 
panel) were observed at 18 (H ? 0 *) and 19 (HO*) atomic mass units. When crossing the contact surface the temperature sud¬ 
denly dropped from 2600 to less than 450 K. This drop in temperature coincided with a sudden onset of a - 1 km/s flow of 
ions outwards from the comet. On the right-hand side of the figure two representative ion mass spectra are shown at 6000 km 
(outside the contact surface) and at 1500 km (inside the contact surface). A comparison of the two mass spectra indicates 
substantial changes in ion composition in relation to the distance from the nucleus. Many thousands of such mass spectra were 
obtained by the two gas (neutrals and ions) mass spectrometers aboard Giotto and although many ionic and neutral species 
can already be identified much more analysis is needed to unravel the complex chain of chemical processes occurring in the 
cometary coma. 






























































































intercosmos 


Photos fausse couleur du noyau de la comete prises par la camera de la sonde Vega 2 le 9 mars 1986. La photo du bas a £fe 
prise i 07.19,58 TU, soit deux secondes avant I'approche au minimum de distance, a 8030 km du noyau, avec un filtre proche 
infrarouge (700-900 nm). La photo du haut a prise cl 07.21.39 TU, a 11 037 km du noyau, avec un filtre transparent 
(400-650 nm). Sur la premfere photo, le Soleil est orient^ vers le coin inferieur a gauche, a 113° de l’axe vertical de 1‘image. 

Sur la seconde, il est orienfe vers le coin inferieur a droite, a 125° de la verticale. Les deux instants de prise de vues sont marques 
sur la trajectoire de Vega. Uangle de phase (angle forirfe par les lignes joignant d’une part la sonde a la comete, et d'autre part 
le Soleil b la corrfete) est de 28,5° sur la photo inferieure et de 23° sur la photo sup£rieure. Le noyau a I'aspect d'une cacahu^te 
de 16x8x8 km de dimensions. La region entourant le noyau est brillante en raison de la reflexion de la lumfere solaire par les 
particules de poussfere. D’abondants jets de poussiere, qui proviennent de certaines zones riches en poussfere de la chevelure, 
sont projdfes a partir du noyau essentiellement vers le Soleil (c’est-a dire, vu en projection, vers 1’observateur). 

HurepKocMoc 

n ccbjiohb cth bte chhmkh anpa KOMeTbi raruies, cnejiaHHtie KaMepoft Ha 6opTy KocMHHecieoro anrcapaTa BETA-2 9 Mapra 1986 r, Huttiuiii , miM.n 
nojiyneH b 07:19:58 UT, 3a jxbc cexyHflbJ no MOMCHTa HanOoxibijjero c6jihj«ghhh c paeeTQSHHfl 8030 km ot sxipa c Hcno/ibio&aiiiicM (tmiihipi 
6jiH>KHeK HHiJjpaKpacHQft oC-JiacTH (700-900 hm), 

BepXHHft chhmok 6biJi caenan b 07:21:39 UT c pacCTOHHUa b 11037 km c ncnojibioBaHneM $H/ibTpa 400-650 km, Ha hic-khcm chbmkc i tin mu* 
HaxoAHTcsi b mh/Khcm jicbom ynry t b Hatipae^eHHH 1 13 rpanycos or aepTHKa^bHofi och CHHMxa. Ha bcpxhcm chhmkhC oimiie HaxommTt n mi* mu 
npaBOM yrny b HanpaBJieHHH 125 rpaaycos ot uepTHKanH* Use to^kh, c Koropbix 6biJiH cne/iaHbJ chhmkh, yKa^aHbi Ha jihhhh, H3o6pa*ahnnr« 
TpaeKTOpHK) KocMHHecKoro annapara BETA. <Da30Bbiit yron (yron Mexay jihhhbmh kocmhhcckhA annapax — KOweTa u Cojihug—kqmgi ,<i iuumi 
28.5° Ha HH5KHGM CHHMKC M 23° Ha BCpXHGM CHHMKC, PaapCtUCHKC 120 M Ha HHeftKy H3 HHJKHCM CHHMKC H 160 M Ha BGpXHGM CHHMKe. fliipo NOMriM 

npencTaB^aeTca ksk actfiepHHHbifl oStpCkt, nanoMHHaiomHfl tftopMOfl leMJiHHofi opex c npeaenbHbiMH paaMcpaMU 16x8x8 km. ... 

OKpyjKaioiuasj aiipo, Kaacerca sipKoil 6/iarouapfl cojmeMeHOM'b CBery, OTpa skchh oMy nbmesbiMH 4acrHuaMH + BbiCTynaiomHe nbinesbic 
o6nacTH n komcthoR komc c BbicoKoft KOHueiirpauHefl nbt/m, Kanpae/ieKbi ot sxtpa npeHMymecTBeHHo k Cojinuy* x,e, no Hanpanacnm-i * 
HaGnfcnaTejiK> t h ohh bhjihli b npocKmm. 
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Intercosmos 

False colour images of the nucleus of Halley’s Comet taken by the camera on board the Vega 2 spacecraft on 9 March 1986 
The lower image was taken at 07:19:58 UT, two seconds before closest approach, at a distance of 8030 km from the nucleuv 
using a near-infrared filter (700 - 900 nm). The upper image was taken at 07:21:39 UT, at a distance of 11037 km, using a clear 
filter (400 - 650 nm). In the lower image the direction of the Sun is towards the lower left hand corner, 113° from the vertic.il 
axis of the image. In the upper image the direction of the Sun is towards the lower right hand corner, 125° from the vertical 
The two points at which the images were taken are indicated on the line drawing of the Vega trajectory. The phase angle (the* 
angle between the spacecraft - comet and the Sun - comet lines) is 28.5° in the lower image and 23° in the upper image. The 
resolution is 120 m per pixel in the lower image, and 160 m in the upper image. The comet nucleus appears as an a spherical 
peanut-shaped object with overall dimensions of 16 x 8 x 8 km. The region surrounding the nucleus appears bright due to sunlight 
reflected by dust particles. Prominent dust jets, regions in the cometary coma with a high concentration of dust, are directed 
from the nucleus essentially towards the Sun, i.e. towards the observer they are seen in projection. 
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intercosmos 

Mass spectra of two individual dust particles observed by the Dust Mass Spectrometer PUMA. The horizontal linear scale gives 
the mass of the elements of which the dust particle is composed in atomic mass units, while the vertical logarithmic scale gives 
the number of ion counts/channel. The number in the upper right hand corner is an internal reference number. The observed 
spectra (solid, thick lines) do not reflect directly the composition of the dust particle. Upon impact on the target in the instrument 
the cametary dust particle is vaporised and partly ionised, with a different ionisation yield for different elements. Taking ionisation 
yields as established by laboratory experiments the observed spectra are corrected to give synthetic spectra (dashed, thin lines) 
of the dust particle. The two spectra were selected from a large number of spectra; they illustrate the extremes in the ratio of 
the light elements (H,C,N,0) to the heavier elements (Mg, Si, Fe). In terms of ion counts this ratio is 24 for No. 53499 and 0.07 
for No. 54474. On average, however, within a factor of two, the composition of the Halley dust particles is chondritic for the 
major elements. Carbon is enriched relative to Cl chondrites by a factor of eight, but is very similar to cosmic abundance. This 
relatively high C-abundance points to the presence of a refractory carbonaceous component since ices can be thermodynamically 
excluded at the distance of Vega from the nucleus. 
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Intercosmos 

Colour coded summary representation of the Vega 2 plasma measurements between 230000 km and 14000 km from the nucleus, 
corresponding to 06.30 and 07.17 UT, 9 March 1986 on the time scale {tick-marks are 10 minutes apart). Electron spectra are 
shown in the upper panel, ion spectra in the lower two panels. The middle panel shows spectra as observed in the ram direction 
{forward), the lower panel spectra in the solar direction (sidewards). The ordinate gives particle energy in eV, colour coding 
represents intensity, with red corresponding to the highest fluxes, and dark blue to the lowest fluxes. The energy of the peak 
intensity gives the plasma velocity, the width of the distribution the plasma temperature. At 230000 km the solar wind plasma 
is already heavily mass-loaded with cometary ions, and has decelerated to about 230 km/s (normally 400 km/s). Due to the 
interaction of the cometary plasma, the solar wind plasma is heated, having a temperature of about 5x10 s K {normally 5x10 4 K). 
it is deflected by 10° - 15° from the normal radial direction from the Sun, as it has to flow around the cometary ionosphere. 
Between 06.43 and 06.45 UT (160000 km) Vega 2 crosses a sharp boundary (comefopause) separating two plasma regions of 
different chemical composition and enters the cometary plasma region. Significant fluxes of protons (peak at a few hundred dV) 
are detected by the solar direction sensor only outside the cometary plasma region, and by the ram sensor only within 50000 
km (07.10 UT). Heavy ions (peak at about 1000 eV) are detected by the solar direction sensor until about 50000 km. While the 
heavy ions slowly disappear from the solar direction, they show up more and more strongly in the ram direction. High intensity 
fluxes of electrons are observed inside 50000 km, even at energies >1000 dV. 











t 




































































































































































ISAS |apon 


Graphique montrant les pointes d’activit6 de la chevelure d’hydrog^ne de la comete de Halley observes par le satellite Suisei 
a la longueur d’ondre de la raie Lyman a (les dates sont en ordonnees, les temps en abscisses). On y observe que la brillance 
de la raie Lyman or atteint une pointe toutes les 52,9 heures, signe probable de la presence d’un noyau d’activite non uniforme 
accomplissant un tour sur luimeme au cours de la meme duree Les triangles rouges correspondent aux pointes d’activite. La 
ligne bleue reliant les triangles rouges s’incurve nettement vers le centre de la figure (effet du a I’anomalie vraie), mais devient 
presque verticale aux deux extremes. Aucune observation n’a et£ faite entre la mi-d^cembre et le debut de fevrier. VI, V2, Su, 
Sa et G correspondent respectivement aux moments du survol par Vega 1, Vega 2, Suisei, Sakigake et Giotto. Les traits minces 
en vert reprbsentent les pbriodes d’observation dans I’ultraviolet, tandis que (c) et (d) indiquent les epoques des deux observations 
representees a droite, sur lesquelles figurent des exemples de variation de brillance. 


HucTHTyT KocMOHaiiTHra h itcipuHaBTHKH (ISAS) — Hno huh 

FIhkh aKTHBHocTH Bo/iopoJiHofi komw KOMCTbi Faruiea Ha6jiioziaimcb c noMombJo *no6pa>Kemffi, & jihhhm JlafiMafi-a, nonyneHHbix c noMombm 
(JjoTOMerpa, ycrauoBJicmioro Ha 6opiy KOCMHHecKoro annapaxa Suisei. Ha3 tom rpaijunce &peMa npezicxaBiieHo, KaK trrpoHKH b Kmire. OtipeAenetio, 
hto JlHMan-a npKocTb nocTHi aer MaxcHMyMa Kaa<Abie 52,9 naca, hto HHTepnpcrepyercji kbk npwsHaK Heoniiopomto aKTMBHoro nnpa c nepuoAOM 
Bpamciiita 52,9 naca, KpacHbie TpcyrojibHHKti noKa^biBaior bpcmh hhkob aimiBHOcxH. CiiHsa Kpimaa, eoe/umsfomas spacubie xpeyrojibmiKH, 
saMCTHO MCHaer HanpaBoemie b ueHxpe pucynxa b peayrtbxaxe BJUfflKHa iicTHHHoft anoMaaHH, ho ojia iiohth aepxmcajibHa b caxioft Bepxjiefi h caMoii 
HHJKHeS nacTH pacyHica. C cepeanimti neteaCSpsi no Manana cbespaiis na6jiioneHHfi ne npoBOiinnocb Vi, V2 t Su, Sa, G oGo:ma4aK>T MOMCttrbJ 
npo/iexoB KocMH^ecKHx annapaxOB BErA-1, BErA-2, Suisei, Sakigake h oxxo, cooxaeTcaeKHO, BejiCHbiMH KpiiBbiMit noKaiaito Bpestfl Y<t> 
nad/HoaeHHH, (c) h (d) o6o3na4eno Bpexis neyx HaSnioneiiHit sapiiamiH apkocth, noKa^aHHbix ua npHMepax enpasa. 
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Institute of Space and Astronautical Science (ISAS) 

Activity peaks of the hydrogen coma of Halley’s Comet observed with the Lyman-a Imager on board the Suisei spacecraft. In 
this plot, time runs like the lines in a book. St is found that the Lyman-a brightness reaches a peak every 52.9 hours which is 
interpreted as being the signature of an inhomogeneously active nucleus with a rotation period of 52.9 hours. The red triangles 
indicate the time of activity peaks. The blue curve connecting the red triangles turns appreciably in the centre of the figure due 
to the effect of the true anomaly but is almost vertical at the uppermost and lowermost portions. No observations were made 
from mid-December to early February. VI, V2, Su, Sa, G denote the times of the Vega 1, Vega 2, Suisei, Sakigake and Giotto en¬ 
counters, respectively. Thin green Sines represent times when UV observations were made, (c) and (d) mark the times of the two 
observations shown at the right displaying examples of the brightness variation. 











UT 

NOV 24.33- 
26.53- 
28.73- 

30.93- 
DEC 3.13- 

5.33- 

7.54- 

9.74- 

11.94- 


FEB 22.58- 
24.78- 
26.98- 
MAR 1.18- 

3.39- 

5.59- 
7.79- 
9.99- 

12.19- 

14.39- 

16.59- 
18.80- 
21 . 00 - 

23.20- 

25.40- 

27.60- 
29.80- 

APR 1.00- 

3.20- 
5.41- 
7.61- 
9.81- 
12 . 01 - 
14.21 - 
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Observations par Suisei des interactions du vent solaire avec la comete de Halley. La trajectoire de la sonde, qui figure dans le 
cadre inferieur, d6passo le noyau du cofe Soleil le 8 mars 1986 ei 13.06 TU & un minimum de distance de 151 000 km. Suisei 
traverse la chevelure de la comete de gauche a droite, penetrant a l’inferieur du front de choc vers 11.00 heures pour en ressortir 
vers 14.45 heures. La longueur et la direction des filches indiquent la vitesse et la direction du plasma solaire. A I'exferieur du 
front de choc de la comete, le vent solaire circule normalement a la vitesse de 400 a 500 km/s; a 1’inferieur de l’onde de choc, 
il se trouve ralenti et ddvie par 1’obstacie constitute par la comete (sa vitesse descendant a 56 km/s au plus pres de celle-ci). Les 
deux cadres du haut montrent des exemples de la density ionique dans 1’espace de phase de part et d’autre du front de choc. 

Les axes horizontaux et verticaux correspondent aux directions de +V K et +V y . Les differences d'intensife sont traduites par des 
differences de couleurs, la plus forte intensity £tant en rouge. Des structures annulaires apparaissent sur les deux exemples: on 
pense qu’elles correspondent a la section ecliptique de la coquille de capture pour les ions du groupe de I’eau (a gauche), les 
ions H (petit rond a droite) et les ions 0 (grand rond a droite). 

HHCTHTYT KOCIVtOHaBTHKM H 9CTPOK3LBTHKM (ISAS) — Hf 1 DH$fH 

HaGnsarieHUJi Ha GopTy KOCMmecKoro annapaTa Suisei rjattMOzteftcrBHfl eo/iHeHHoro oeTpa c KOMeroft Fa^nea. B moKHefi hbctm pucym<a noxaiana 
TpaeKTOpua KA, nponereBuiero mhmo aupa c cojineiHOtt CTOpOHbi Ha mhhhM ajibHDM paccxosKmi 15 LOGO km b 13.06 UT 8 Mapra 1986 r. Suisei 
npoiueji nepei KowerHyto KOMy cjieaa nanpaBO h nepeceK roiioBHyio yaapHyio BOJiHy b npHMepno 11.00 h 14 . 45 . ^iitna h iianpauneuHe CTpenoK 
yKaabiBatoT CKopocTb h iianpaBiieiiHe miaaMbi eojiHe'iHoro Berpa. Bhc rojioBEioft yuapuofi bojihli cojihchhuA bctcp iic&cmiymett h Tener ot Ccmnua 
co cKopoeibto 400*500 km/c; BHyxpn rojioBHot) yuapnofi Bojuibi co/meiiHbifi serep aaxopMoaceH /mhhhmym 56 km/c Ha GiimKafluieM paccTOHHHH/ 
h OTKHOHen Boxpyr npen«TCxBJ 4 fl w KOMerw*\ Ha eepxHMx neyx pwcymtax noKaiaHw npHMepbt pacnpeuiejieHHs hohob b ^aaoBOM npocrpancrBe bo 
BH yxpeHHefi w b HtuiHux oGnacrax ot ronOBHOft yaapHOfi bojthm. Flo ropsrKMTajibHGii h BepxiiKajibHofi ochm noKoiaHbi HanpaBneniia cKopocrefi 
+ V s h 4 - V y . Pa^Hbie HHxeHCHBHOCTH OKpameHbi b pa^Hbre llbctu, KpacHbm ubct —■- nanGoBbuiaa HHxeHCHBHocxb. Ha oGohx npuMepax biiuhli 
K oxibueBbie cxpyKTypbi. Hx HHTepnpeTHpyioT kuk 3 KjrmnTHHecKoe ceneHHe oGnacxH laxsaxa hohob Boaiiofi rpynnbi /ciieea/ h hohob Boaopoaa 
/cnpaea, MajicifbKiic KpyxcKH/ h KHCnopcuia /cnpasa, Gojibuine KpyacKH/. 
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Institute of Space and Astronautics! Science (ISAS) 

Suisei observations of the solar wind interaction with Halley’s Comet. The trajectory of the Suisei spacecraft is shown in the lower 
panel passing the nucleus on the sunward side at a minimum distance of 151 000 km at 13.06 UT on 8 March 1986. Suisei 
traverses the cometary coma from left to right crossing the bow shock at about n.00 and 14.45 hours. The length and direction 
of the arrows indicate the speed and direction of the solar wind plasma. Outside the bow shock the solar wind is undisturbed 
and flows from the direction of the Sun at a speed of 400-500 km/s; inside the bow shock the solar wind is decelerated (minimum 
54 km/s at closest approach) and deflected around the obstacle ‘comet’. The upper two panels show examples of the phase space 
density of ions inside and outside the bow shock. Horizontal and vertical axes give the directions of +V x and +V y . Different col¬ 
ours represent different intensities, red being the highest intensity. Ringlike structures are seen in both examples. They are inter¬ 
preted as the ecliptic cross section of the pick-up shell for water-group ions (left) and H* (right, small circle) and 0 + (right, large 
circle) ions. 
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ISAS — |apon 

Observations par Sakigake des ondes radio6lectriques et plasmatiques dans le voisinage de la com£te de Halley La trajectolre 
de la sonde (£ droite) depasse le noyau du c6t6 Soleil pour s’approcher a 7 millions km le 11 mars 1986 & 04.18 TU. L'intensittf 
totale des ondes plasmatiques dans la frequence 5-190 kHz (au centre) augmente d l’approche de la com£te pour ensuite d£croT 
tre, prouvant ainsi que ces ondes sont £troitement li£es cl la presence de la comete, Les filches rouges indiquent la position de 
la sonde aux moments des observations. Le panneau du haul represente les spectres dynamiques des Emissions: les parties en 
jaune correspondent aux niveaux d T intensit£ suivants: 400 jiV/m a 5 kHz, 46,2 ptSf/m a 50 kHz, 35,6 *iV/m a 100 kHz, et 30 *tV/m 
h 200 kHz; les parties en rouge correspondent au double des niveaux precedents et les bleues aux faibles bruits de fond. On 
observe que, dans la gamme 20-190 kHz, la frequence s’accrott ou diminue graduellement en fonction du temps, ce qui corres¬ 
pond a la region oil se torment les ondes de choc (c’est-a-dire vers 350 000 a 600 000 km). Dans la gamme de frequence 
5-80 kHz, on distingue des spectres de trfcs forte intensity et a large bande (par exemple a 06.00 TU). On attribue ce phenomene 
aux ondes plasmatiques qui prennent naissance dans la zone de capture des ions. 


Hhcthtstt KocMHHecKHx M acrpoHaBTii^ecKiix Hce/ienoBaHiift (ISAS—Anomie) 

HaSni one miff kocmhhcckhm annapaTOM paano- h naa^MCHHbix aoan b6h3h komctw Tannea. TpaeKTOpua KocMrmecKoro amtapai.i 
CaKirrase noKa 3 awa b iiii/Kiicfi hscth piicyHxa. Oh npoxomiT okoao nnpa KOMeTbi cnee a nanpaao c noaco/iHeHHOfl Ha CTOpOiibi 
MHHHManbHOM paccTOsnnn 7 Man. km b 04,18 UT 11 Mapra 1986 r. 06uraa hutci paAbnas HHreHciiBHocTb iu]a3Memibix Bonn n 
nnanaiOHe 5-190 ktu (b ueHTpe) BoapacraeT npH npu6nii*eHHH k KOMere h yObisaeT nocne npoxoxcneHHa 6nH*aflurero paccroanHH 
yicaiuBaa tskhm o6pa3ow Ha CB« 3 b bojih c KOMeToft. KpacHbie CTpenKii yKaabmaror noAOJKemie annapara b momchtm 
H aSmoneHHfl. B BepxHefl Haem pucyKKa noKaian mraaMH i ock h A cneKTp H3JiyreHnn. TKertTbin UBtrr coot Bet CTByer cnenyioumM 
hhtchchbhocthm: 400 [Wm na 5 Kru, 46,2pv/M Ha SOitru, 35,6 (tv/ m hs 100 Kru, h 30 jav/m Ha 200 Kru; KpacHbin libct — 
hhtchchbhocam b abb pa3a 6onburnM yKaiaHHbix, a ronySoft o6o3HaHaeT cnaGuie (JjcmoBbie ypoBHii. B Anana jone 20-190 kfii 
H aGmona/iHCb nnaBHbte yBejivtseHiiJi nnri yMeHbweHHH sacTOTbi co spevieHeM, cba jaHHbie c oGnacTbio fcopMiipOBannH ynapHoii 
Bonubi (ot 3,5.10 s no 6.10 s km). B Aiiancnonc 5-80 Kru HaGrttonanucb oneHb hhtchchbh bie h u/itpOKiie cneKTpbi (06.00 UT). 
Tasne ueprbi npHcymir iuia3MeHHbiM BOAHaM, KOTopbie reHepiipyroTca noKanbHo b oo/iacm c6opa hohob. 
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Institute of Space and Astronautical Sciences (ISAS) 

Sakigake observations of radio and plasma waves near Halley's Comet. The trajectory of the Sakigake spacecraft is shown at 
the bottom, passing the nucleus from left to right on the sunward side at a minimum distance of 7 million km at 04.18 UT on 
it March 1986. The total plasma wave intensity integrated over the frequency range 5-190 kHz (centre) increases towards closest 
approach and decreases thereafter, thus indicating that the waves are intimately related to the comet. Red arrows relate the obser¬ 
vations to the spacecraft position. The upper panel shows the dynamic spectra of the emissions. Yellow portions refer to the 
following intensity levels: 400 jiV/m at 5 kHz, 46.2 fiV/m at 50 kHz, 35.6 jtV/m at 100 kHz, and 30 AtV/m at 200 kHz.; red portions 
to twice that, while blue portions indicate weak background levels. In the frequency range 20 - 190 kHz gradual increases or 
decreases of the frequency with time are observed which are associated with the region where shock waves are formed (3.5 x 

10 to 6 x 10 km). In the frequency range 5 - 80 kHz very intense and broad band spectra are observed (eg. at 06.00 UT). 
These features are attributed to plasma waves that are generated locally in the ion pick up region. 
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COMETARY KILOMETRIC RADIATIONS AND IN-SITU PLASMA WAVES 

























































NASA — Etats-Unis 


Apres avoir acheve sa mission d’exploration de l espace interplanetaire qui L’a emmene a 1,5 million km de la Terre, 
le satellite d’etude des relations SoleilTerre (ISEE 3) a ramene en direction de la Terre. Ayant accompli un total 
de 37 manoeuvres de propulsion et cinq manoeuvres de gravideviation autour de la Lune, le v^hicule spatial, rebap- 
tis£ alors ‘International Cometary Explorer' (ICE), s’est dirige vers la comete de Giacobini-Zinner qu’il a survol^e le 
11 septembre 1985. Apres avoir traverse la queue de cette derniere a une distance de 7800 km du noyau, ICE a 
poursuivi son chemin en direction de la comete de Halley dont il s’est approch^ a 30 millions km a la fin du mois 
de mars 1986. 


HACA-CUJA 

nocne Bbinomieflffii nporpaMMM caoero noneTa kbk MomiTopa b mcihk n jibhtch o m npocTpaHcrse 1,5 MHiuinoua km ot 3eM.mr kocmhhcckhA KOpa&nb 
J SEE-3 /Mesnyiiaponiibifl CojiHue-3ewjis johh/ Shin noeepHyT a cropoHy 3cm jui. rioe/te oSmefi cjiojkhocth 37 Manepoa c tiomoiumo nBHraTCJibJioii 
ycTpaHOBKH u 5 MaiicpOB c HcnojibioBaimeM nojiH chjiw ta^kccth Jlyiibt locMmecM KopaD/ib, laTCM nepeHawMeHOBaHHbtfl kqk MexoyEiapaatibiH 
komcthwh loiia ICE, 6bia HanpaBJien x komctc J1)kcko6hhh IXiiiiHepa, KUTopyio oh nponeTea M cenTflSpa 1985. ICE npomea cKaoib xbqct 
KOM erw nil paccTOHiimi 781)0 km ot a/ipa* iipcHoic hgm nponoJWHTb cboA noneT k KOMere Oil nepecex KOMery ramie* b kohuc Mapra 

1986 Ha paGCTOUHHH 30 MHililUOHOB KM. 
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National Aeronautics and Space Administration (NASA) 

After completing its mission as a monitor in interplanetary space 1.5 million km upstream from the Earth the Interna¬ 
tional Sun Earth Explorer (1SEE-3) was redirected towards the Earth. After a total of 37 propulsive manoeuvres and 
5 lunar gravity assist manoeuvres, the spacecraft, then renamed International Cometary Explorer (ICE), was on course 
towards Comet Giacobini-Zinner which it encountered on 11 September 1985, ICE passed through the comet’s tail 
at a distance of 7800 km from the nucleus before continuing towards Halley's Comet. It passed Halley at the end 
of March 1986 at a distance of 28 million km upstream. 
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NASA — Etats-Unis 


Photo en fausse couleur de la com£te de Halley prise en lumiere Visible' par le detecteur de guidage fin du satellite international 
d’exploration dans I’ultraviolet (1UE> le 9 mars 1986. L’image couvre un champ de 12x12 minutes d’arc ou chaque point elemen- 
taire mesure environ 8 secondes d’arc au carr£ Les zones sombres qui entourent la partie centrale de la comete correspondent 
a une portion faiblement reflechissante sur la plaque et les ouvertures d’entree du spectrographe. Le nord est en bas a gauche, 
I’est en bas a droite. [Photo NASA, avec l'aimable autorisation de RD. Feldman, Johns Hopkins University). 


HACA-C1UA 

<t>oTorpa(J)Hfi b ycjioBKOM ueere KOMerbi ra^nen b bhuhmom jmanoionc, no/iyueHHaa 9 wapTa 1986 r. BbicoKOTOHHbiM jisithiihkom Ha cnyTHKKOBofl 
oScepBaTopHH 1UE /M«KnynaponHbifl yjibTpaii)no^eTOBbifi 3 DHa/. Flone — 12 h 12 yr/ioBbix mhhjt h xaxuibift nit Keen npHMepHO KeanpaT 
paJMepoM 8 yr/ioBbix CCXyim. TeMHbie o6jiac-rn u6mnn itenrpa komctm — imtho hhikoR oTpaatare/ibHofi chocoShocth b iuiockocth ancp i ypu 
h Bxojuibix anepeTypax cneKTOrpatba. Ceaep Bima h HajieBO, boctok mm n Han pa bo (4>oto HACA). 
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National Aeronautics and Space Administration [NASA) 

False colour photograph of Halley's Comet recorded in visible light by the Fine Error Sensor of the International Ultraviolet Explorer 
(IUE) satellite observatory on 9 March 1986. The field is 12 x 12 arc-minutes and each pixel is approximately 8 arc-seconds square. 
The dark regions near the centre of the comet are a low-reflectivity patch on the aperture plate and the spectrograph entrance 
apertures. North is down and to the left, and east is down and to the right. (NASA photo, courtesy of P.D. Feldman, Johns Hopkins 
University.) 























NASA - Etats-Unis 


Cette restitution en fausse couleur d'une image de la comdte de Halley dans 1’ultraviolet lointam montre les gradations a I'interieur 
du nuage d’hydrogene de 20 millions km de large qui entoure la comete. Les cameras qui ont pris cette image ant et£ realisees 
sous I’egide du Laboratoire de Recherche navale a Washington DC et de 1’Universite du Texas a Austin, Elies faisaient partie de 
la charge utile d’une fusee sonde Black-Brant Terrier de la NASA, tiree a quelque 312 km d’altitude a partir de la Base de lancement 
de missiles de I’Armee a White Sands (Nouveau Mexique). L'image a ete prise le 13 mars 1986, juste 13 heures avant le passage 
de la sonde europeenne Giotto au plus pres de la comete. (Photo NLR). 


HACA-CUJA 

HjoGpa^einie komcts Fa/uieji d ;ja.ni>iiOM ytp ,inana jonc, nonyHCHHOC joHnitpyiomeil pakCTOfi, noKaiuBaeT pacnpcnejieHiie lacTHit b ycnoBH bi\ 
UBeTax b BoaopoaHOM 06/iaKe 20 mhbxhohob km mnpHKofl, KOTOpoe OKpyacacT KOMerry. y«t> KaMepu, kotopwmh 6ujio nojiyueao ino6pa*em[e, 
6 bum co3JiaHbi h ay 4h o- hccp en OBaxe.i bCKoft na6opaTOpneS BMC, BaimiHrroH. OKpyr KojiyM6H*, h Tcxscckhm ymiaepcKTeTOM b Ocruiie. 
3 onjinpyiomafl paxcra HACA Black Brant/Terrier janyiuena c Bocimoro paKeTHoro no/iiirona Benue TlecKii, Hbio-McKCHKO Ha bmcotv 194 m 11:111 
c naMepofl Ha 6opry. Chhmok 6wji cnenaH 13 Mapra ja 13 Hacoa no Sniiwaltmero nonxoaa KA Hjkotto /(Jjoto h/h naSoparopnii BMC/. 


(NASA) - 7 A V f) 

0 y *> t Utz'' u —7 — |jf| a 4* t 0 i < 2000/jkni k l*Cl’S. ZG> 

1ft £ t 7 A b > U-^T LTt'6 k 4. 7 

9 7*5 V \/t '} o -y Hi * 9 T h *+> *'0F£''|( 5 If* -f fk IT ±tf k tl % i) A 7 &* 194 7 i >\> 0 ,;Vj IS; t; a A, t*„ 

Z 0}^ v Hfeli 3 II131K a - a .y tyf 0flic|&&{: £^.0 Z i h X ? if 13Hfc|igji>ii:j*4 fl/j 0 


National Aeronautics and Space Administration (NASA) 

Far ultraviolet image of Halley’s Comet taken by a sounding rocket shows false colour gradations in the 20 million km wide 
hydrogen cloud surrounding the comet. The ultraviolet cameras that made the image were sponsored by the Naval Research 
Laboratory, Washington D.C. and the University of Texas at Austin. A NASA Black Brant/Terrier sounding rocket fired from the 
Army’s White Sands Missile Range N.M. carried the camera payload to an altitude of 194 miles. The image was made on 13 
March, just 13 hours prior to closest approach by the European Giotto spacecraft. (NRL photo.) 
















Dans cet expose sur la creation et les travaux du Comity consultant inter-Agences, le Dr. R. Reinhard expli- 
que comment les efforts conjoints des organlsmes spatiaux dans la planification de la campagne, la concep¬ 
tion des satellites et des experiences ainsi que 1’exploitation des donnees ont contribue a renforcer la portee 
scientifique de la mission. 11 decrit les travaux des trois groupes specialises du Comite et souligne I’esprit 
de cooperation avec lequel aussi bien les differentes missions que les experiences conjointes ont ete menees 
dans le cadre d’une etroite collaboration entre pas moins de six sondes spatiales. Cet esprit continue d’ail* 
leurs a regner apr£s la Rencontre avec la com ete pour trouver son couronnement dans une conference 
scientifique de grande envergure, qui devrait permettre au Comite de poursuivre son oeuvre et de concevoir 
de nouveaux projets d’interet mutuel pour 1’avenir. 


B CBOeM onncaHnn opraHH3aunn h paGoTbi MejKBeaoMCTBeHHOii KOHcyjibTaTHBHoii rpynnbi 
(IACG) a-p P. Peimxapa oSbacHaeT, Kax xocMHiecxHe areHCTBa npmmiH k Bbisoay, 4 to 
coTpyflHHiecTBO b o6jiacTH n^aHHpoBaHHH noneTOB, co3,aaHHH KOCMHnecKHX onnapaTOB h 
pa3pa6oTKH 3KcnepHMeHTOB, a TaKHce pa3BHTHH chctcm HHtfropMaunH noBbicHJio 6 m o6myio 
HayHHyio oTaany. Oh paccKa3bisaeT o pa6oTe Tpex paGoniix rpynn, opraHH30BaHHbix IACG, h o 
nyTH ux coTpynHHBecTBa, KOTopoe cnocoGcTBOBano ocymecTBJieHHio OT^enbHbix npoexTOB u 
coBMecTHbix 3KcnepiiMeHTOB Ha mecTH kocmhhcckhx xopaGruix, 06'beaHHeHHbix o6meH uenbio. 
Ayx flpy»:6bi coxpaHHncfl h Ha noc;ie-npo.neTHOH cTaaHH, aocTHrHyB cBoero anorea Ha ochobhoS 
HayHHOH KOHtljepeHUHH, H 6bij! OTpaxceH b coo6meHHn, hto IACG 6y^eT npoaonjKaTb pa6oTy h 
BbiACjiHTb npoeKTbi oGmero HHTepeca Ha Gyaymee. 
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Peaceful Cooperation in Space 

The Inter-Agency Consultative Group (IACG) 

by Riideger Reinhard, 

Secretary IACG 


For many reasons Halley's Comet, appearing once in a 
lifetime, is a very special comet. It is the brightest 
periodic comet; it is the only comet which has been 
regularly observed for more than 2000 years; and over 
many centuries it has, more than any other comet, 
stimulated artists and scientists alike, it was the study 
of this comet which led Edmond Halley to discover the 
periodicity of some comets, demonstrating that comets 
are members of our solar system. During the 1985/86 
apparition, it was the focal point of the largest space 
research campaign ever, involving more than 10000 
scientists and engineers in worldwide peaceful 
cooperation. 

Five years earlier, four national and international space 
agencies, Intercosmos, the Japanese Institute of Space 
and Astronautical Science (ISAS), the National 
Aeronautics and Space Administration (NASA), and the 
European Space Agency (ESA), had decided on their in¬ 
dividual strategies to explore Halley's Comet. Inter¬ 
cosmos was planning to send two spacecraft, called 
Vega 1 and 2, to the comet, ISAS was also planning to 
send two spacecraft, called Sakigake and Suisei, ESA 
was planning to send Giotto while NASA was planning 
to divert the ICE spacecraft which was already in inter¬ 


planetary space, and was mounting a significant pro¬ 
gramme of space activities utilising other existing 
spacecraft, Space Shuttle payloads and sounding 
rockets. 

It was soon evident to the four agencies that there was 
ample scope for useful collaboration before and after 
the launches. The fly-by distances, ranging from 30 
million to 600 kilometres, the flyby dates, from 6 to 14 
March 1986, and the instrumentation to be carried on 
the spacecraft were complementary. The agencies 
realised that many aspects of mission planning, 
spacecraft and experiment design, and data evaluation 
were common to all the missions, and that the overall 
scientific return could be increased through coopera¬ 
tion. They therefore met in 1981 to form the Inter- 
Agency Consultative Group (IACG). 

The IACG had the task of coordinating, informally, all 
matters related to the space missions to Halley's Comet, 
and the observations of Halley's Comet from space, 
while all ground-based Halley observations were, and 
still are, coordinated by the International Halley Watch 
(IHW). The first meeting of the IACG was convened in 
Padua, Italy in September 1981. At this meeting 


numerous details of the various space missions were 
exchanged for the first time and the general principles 
of cooperation were established. Three working groups 
were formed in which many of the problems common 
to all space missions to Halley's Comet were discussed, 
resulting in recommendations to those responsible for 
the flight projects, or the allocation of specific tasks. The 
three Working Groups were 

— The Halley Environment Working Group 

— The Plasma Science Working Group 

— The Spacecraft Navigation and Mission Optimisation 
Working Group. 

Since its formation the IACG has met annually, with the 
task of organising the meeting, and consequently the 
meeting place, rotating within the four agencies. The 
meetings are usually chaired by a Senior Director or the 
Director General of the host agency. He is supported in 
that task by an Executive IACG Secretary, who prepares 
the meeting agenda in consultation with the Agencies 
and carries out the day-to-day work in the interim bet¬ 
ween the meetings. 

With between five and ten delegation members from 
each agency attending the IACG meetings and adopting 


an informal approach which has allowed unhindered 
exchange of expertise a new level of Inter-Agency col¬ 
laboration has been built up. Representatives of the 
IHW participated in all meetings, and in this way the 
best possible coordination of ground-based and space- 
borne observations was achieved. The IACG meeting 
agenda included reports on spacecraft and experiment 
design, mission planning, reports from the three Work¬ 
ing Groups, a number of miscellaneous items of mutual 
interest and was usually concluded with reports by the 
agencies on their future space mission plans, some of 
which might be candidates for future cooperation. 

Much of the work was carried out in the Working 
Groups, meeting on an average twice a year. The task 
of the Halley Environment Working Group was to 
develop and update continuously model parameters for 
the comet nucleus, dust, and gas environments. The 
project teams were provided with many data on the 
dust to be expected on the various spacecraft trajec¬ 
tories enabling them to design effective dust shields 
and to select optimum flyby trajectories. In particular, 
prediction of dust jets, regions in the cometary at¬ 
mosphere with a high concentration of dust, proved 
extremely useful. 












The close co-existence of six spacecraft in in¬ 
terplanetary space - a situation which had never existed 
before - stimulated the scientists in the Plasma Science 
Working Group to make simultaneous measurements 
during the cruise phase. Special time periods for inten¬ 
sive acquisition of plasma data were identified. One 
period was of course centred around the times of the 
various flybys of Halley's Comet. As the spacecraft en¬ 
countered Halley's Comet one after another there were 
always five spacecraft outside the cometary at¬ 
mosphere which could make measurements to 
characterise the interplanetary medium in which the 
comet was enbedded at the time of the encounter. 

To the Spacecraft Navigation and Mission Optimisation 
Working Group fell the task which would have the 
strongest impact in targeting Giotto. The position of the 
nucleus is disguised by the gas and dust in the coma 
and cannot be observed from Earth. Furthermore, the 
irregular emission of large amounts of gas and dust 
from the heated sun-facing side of the nucleus, pushes 
the nucleus away from the Sun (rocket effect) in an un¬ 
predictable way and leads to a perturbation of the 
cometary orbit.. Before the encounters the best 
estimates of the position of the nucleus in the coma still 


had an uncertainty of about 400 km. This was more 
than adequate for all observations from the ground and 
near-Earth space and also for all encounter spacecraft 
with the exception of Giotto, intended to flyby the 
nucleus at only 600 km. Fortunately, Giotto was the last 
of the spacecraft to encounter the comet, and the 
cameras on the Vega 1 and 2 spacecraft, which had ar¬ 
rived earlier, having located the nucleus, could pass the 
information on the nucleus position to Giotto. This 
'Pathfinder Concept' could not have been realised 
without NASA tracking the Vega spacecraft and deter¬ 
mining very precisely their position. Although the time 
between acquisition and evaluation of all the data and 
making the last orbit correction manoeuvre for Giotto 
was extremely short, the pathfinder concept turned out 
to be successful and Giotto could be targeted with an 
accuracy of 40 km: ten times more accurately than 
would otherwise have been possible. 

During the various encounters scientific data were free¬ 
ly exchanged to optimise the scientific return of the 
space missions and to put the data in their proper con¬ 
text during the early evaluation stage. Continuing the 
cooperative spirit, only two months after the en¬ 
counters, first results were jointly published in the jour- 







nal Nature, and six months after the encounters a 
major scientific conference on the Exploration of 
Halley’s Comet was held in Heidelberg (FRG). This Sym¬ 
posium was attended by scientists from all the space 
missions and ground-based astronomers who discuss¬ 
ed and compared their results. The formal presenta¬ 
tions and informal discussions and exchanges of ideas 
at the Symposium bear witness to the enduring spirit 
of cooperation. 

Such has been the success of the concept and practices 
of the IACG that agreement has been reached that the 
Group should stay in being, and that suitable projects 
of interest to all the countries involved should be iden¬ 
tified, so that the harmony and spirit of cooperation 
fostered during the encounter with Halley's Comet can 
be nurtured still further in the interests of the peaceful 
exploration of space. 
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Le concept de l’‘Bctaireur’ 


Les observations faites au sol n'ont permis de situer la position du noyau au sein de la chevelure de la com&e qu’a 1’interieur 
d'une certaine zone d'incertitude (grande ellipse entourant la trajectoire du noyau). Ce dernier a pu cependant etre localise par 
les cameras embarquges sur la sonde Vega envoy£e en ‘6claireur’ dont la position a ensuite et<* determinee avec une grande 
precision (petite ellipse entourant la trajectoire de Vega) par le Roseau d'observation de i’espace lointain de la NASA. De ia sorte, 
on a pu ajuster la trajectoire de Giotto de maniere a lui faire survoler le noyau avec une incertitude beaucoup plus reduite (petite 
ellipse entourant la trajectoire de la comfite). 


OnpeAejieHHe xpaeKxopnn «apa KOMeTbi 

npumtHn onpenenenH« xpaeKxopnn. TobHocrb, c soxopofi Gbino H 3 BecxHO nonoaceHHe aupa BHyTpn komw Ha ocHOBe 
xojibKo Ha 3 eMHbix Ha 6 JiioneHnfl o 6 o 3 HaaeHa SojibiiiHM KpyjKKOM BOKpyr cjsaKTHbecKofi TpaeKTOpMH aapa KOMeTbi 
(cjieBa HanpaBo). TeneKaMepbi na paHee npHGbiBiuHX annapaTax Bera onpeaejinnH nonottteHHe anpa, h, HACA, 
HcnonbayH cboio cerb cxaimuft hjth HaG/nonennfl 3 a oSbeKxaMH b naneicoM kocmocc, onpeaeanao noJiOHceHHe Bern 
c BbicoKofl TOHttocxbto (MajteHbKHft Kpyr Ha TpaeKxopHH BEFH), hto jio 3 bojihjio nauermxb, ZIjkoxto Ha fmpo c 
3 HaHHxenbHO Menbuiefi ouinSKOtt (MajieHbKHi! Kpyr na xpaexxopHH KOMexbi rajuiea). 


ftf®j 

'*-*7 7 'f r- =»-*t'WtfOffcRX> SB$0llifi 

ii^) <> r-kb k n-c t* ^ u-r. i* ** < mm1 1 -h**? *c, 

"/ k Iff Pgt' «y X 5? 4- A: z 7 Iti/a * h At' 

HMEfaE^i *k {w- ttittlH 1 ‘1). 


Pathfinder 

The pathfinder concept. The uncertainty with which the position of the nucleus was known within the cometary coma from 
ground-based observations only is indicated by the large circle round the actual path of the comet nucleus (from left to right). 
The cameras on the earlier arriving Vega spacecraft located the nucleus, and NASA using its Deep Space Network determined 
the position of the Vega spacecraft with high precision (small circle around the Vega path), allowing Giotto to be targeted to flyby 
the nucleus with greatly reduced uncertainty (small circle around the Halley path). 
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L'auteur ddcrit brifivement la composition physique g6n6rale des cometes avant la rencontre: le noyau, constitu6 de glace et de 
poussi£re, dont 1'origine remonte peul-thre a celle du Systeme solaire lui-mSme; les glaces, qui s^vaporent a mesure que le noyau 
s'approche du Soleil; et enfin la chevelure et la double queue de gaz et de poussidre. GrSce a la camera de Giotto, on a pu estimer 
le grand axe du noyau a 15 -16 km, et son petit axe a 8-10 km, Le noyau, plus sombre que prSvu, est truff6 de trous crat^rifor- 
mes, la majeure partie de la pousstere et du gaz s'6chappant par un petit nombre de sources. Sa temperature est d'environ 
300-400 K, avec rayonnement infrarouge. On pense que sa surface est couverte d'une fine substance isolante, poreuse et refrac¬ 
ts ire, avec une croflte de pousstere recouvrant peut-etre de la glace. Des observations rep6t6es ont permis d'estimer la periode 
de rotation a 52,9 heures. La vapeur d’eau, qui repr^sente 80% de la production totale de gaz, constitue la molecule-mere domi- 
nante dans la chevelure. On y a deceit ygalement de I’oxyde de carbone, de 1’ammoniac et du methane. Une d^couverte inatten- 
due; parmi les nombreux ions detects, on a constate la nette predominance d'ions de carbone et I’absence d’ions d’azote. Des 
particules de poussiere, composees d'un grand nombre d’elements, ont 6te detect^es a 300 000 km du noyau. Le front de choc 
qui s^pare le plasma du vent solaire et 1’ionosphere de la comete a £te observe a environ 1,1 million km et a 450 000 km de 
distance. Des ions de capture ont et6 observes a des distances de 10 millions et peut-Stre jusqu’a 30 millions km. La travers^e 
de la surface de discontinuity a eu lieu a 4700 km avant et a 3800 km aprfcs le passage au minimum de distance de la comete, 
la temperature ionique passant ainsi de 2600 a 340 K. D’autres observations ont revile que le nuage d’hydrogene entourant la 
comete s'£tendait largement au dela de 10 millions km. 


Zl-p PefiHxapn xpaTHo h 3 jiojkhji o6myto KOHuenunio $h3hkh komct, cymecrBOBaBinyio no nponeTOB KOMerbi ra/men: anpo, 
cocTOHinee n 3 ra 3 a m nbimi, o6pa30Bamie xotoporo botmoikho othochtch ko apcMcmi oOpasoBaHHH co/tHCMHOfi chctombi, nb/tbi, 
cy6j]HMHpyrouiHecji no Mepe npHSjiHjKCHHii imp a h CoJiHuy, » ra3onbiJieBan KOMa h xboct, oopaioBaiuniixea npn Ttpn6nn»:eHHH 
k CojiHpy. Chhmkh TB-KaMepbi kocmhhcckofo KOpa6jin /DKOTTO fi 03 BOJiHHH onpeneJiRTb pasMepbi irnpa no 6o/ibiuoft och - 15-16 
km, no Manofi och - 8-10 km. flnpo reMHee, hcm oaowanocb, biuihli HecKOJtbKO KpaTeponoaoGHbix o 6 pa 30 BaHHft, n 6ojibinan sacrb 
nunn h rasa Bbiae/iaeTca H 3 HecKO/ibKiix ancKpeTHbix hctohhhkob, TeMnepaTypa oSnacTH nnpa 300-400 K, o6HapyxceHo 
HHtjipaKpacHoe HuiyneHHe. IlpennonaraHJT, sto noBepxHocTb noKpbua tohkhm HaonupytomuM cjiocm TCMHoro, nopHcroro, 
TyronaaBKoro BemecTBa, neji sepoirrHo pacnonoxveH non kopkoh nbinn. Flepnoa npaincmis oueneH no hcckoubkhm Ha6.moneHHflM 
h panci! 52,9 naca. BojishoO nap nBnuercx npeoGnaaaiowefi ponnrenbCKoft Monexynoit b komc KOMerbi Pannes ( 80 % oGuuero 
Bbixona ra 3 a). Taswc Haftnenb: yrneKHcnhifl ra 3 , 3mmh3k li MeraH. HeojKunaHHbtM 6bino obHapyxtcHHe 6onbmoro nucna hohob 
yrnepoaa h OTcyxcTBHe hohob a 30 Ta. Macrunbi nbinn coctost H 3 mhothx anexieHTOB h hx perHCTpHpoBann yxte iia paccTOSHHH 
300.000 km ot Hflpa. fHJiOBnas yaapnas BOJtna Mexmy nna 3 Mofi conHenHoro serpa h komcthoA HOHoajiepoft H 36 nH>nanacb Ha 
paccTOSHHH npuMepHO LI. MwuiHOHa KH/iOMCTpOB h 450,000 km, 3 axisa 4 eHHbie hohm perncTpHpoBajincb Ha paccTosniiH 10 
MHnnHOHOB H, B 03 M 0 XCK 0 , 30 MHJIJ1 HOHOB KHJIOMCTpOB. KOHTaKTHas nOBCpXHOCTb nepeCeKanaCb Ha paccTOSHHH 4700 KM npn 
noaneTC k 3800 km npn ynartemm or komci bi : nonepex KOHraKTHon hobcpxhoctij TCMnepaTypa hohob nan an a ot 2600 no 340 K. 
/Ipyrnc naSnionettHS hoibohhjih onpenenHTb, nro BonopoaHoe oOnaKo BOKpyr komct bi npocTHpaeTcs na paccrosHHH 6onee 10 
MHnJIHOHOB KHnOMCTpOB. 
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Scientific Highlights of the Spacecraft 
Encounters with Halley’s Comet 

by Rtideger Reinhard, 

Secretary IACG 


In March 1986 a fleet of six spacecraft from four agen¬ 
cies encountered Halley’s Comet for the first close-up in¬ 
vestigation ever. The spacecraft differed in size, shape, 
mass, and scientific payload; they encountered the 
comet at different times and at different distances, rang¬ 
ing from 600 kilometres to 30 million kilometres. All en¬ 
counters were successful and the complement of the 
scientific results - obtained by a total of 50 experiments, 
involving more than 100 scientific institutes and over 
500 scientists from all over the world - dramatically in¬ 
creased our understanding of comets. Although the en¬ 
counters were of necessity short due to the high relative 
flyby velocities - they typically lasted a day - a wealth 
of scientific data was collected, thorough analysis of 
which will take years. Nevertheless a number of major 
discoveries can already be clearly identified. 

Before the encounters the general concept of the 
physics of comets was as follows, in the centre of the 
cometary atmosphere there is a small solid nucleus 
consisting of ices and dust. This nucleus is too small to 
be observed from Earth. Comets are thought to have 
been formed at the time of the genesis of the solar 
system, 4.6 billion years ago. Their elemental and 
isotopic composition may be indicative of the early 


solar system composition because comets spent most 
of their time at very large distances from the Sun in the 
‘Oort cloud’. Occasionally, the orbit of a comet is per¬ 
turbed by a passing star, and it may be deflected into 
the inner solar system. 

When the nucleus approaches the Sun, which in the 
case of Halley’s Comet happens every 76 years on 
average, it is heated up and the ices begin to sublime. 
The expanding gas carries with it fine grains of dust. 
Both constituents, the gas and the dust, form the com¬ 
etary atmosphere which can extend more than 100000 
kilometres. This atmosphere or coma is bright because 
the dust particles in it reflect the sunlight and the gas 
is excited by sunlight and emits fluorescent radiation. 
The cometary gas is ionised by solar ultraviolet radia¬ 
tion, by electrons and by charge exchange with the 
solar wind plasma. The ions are swept in the anti-solar 
direction by the solar wind and form a narrow tail of 
cometary ions. 

The dust particles which are initially emitted towards 
the Sun are eventually pushed back by the sunlight and 
also form a tail; a broad and curved dust tail. The two 
tails can attain lengths of many millions of kilometres 






and it is mostly the tails which provide the well-known 
spectacular appearances of many comets. 

None of the spacecraft was aimed at the tail region. 
They were all targeted to pass the nucleus on the 
sunward side; the side from which all activity 
originates. The Giotto spacecraft passed the nucleus 
closest of all and the images taken by its camera 
clearly revealed the cometary nucleus. It was not 
spherical as had been anticipated and it was larger 
than expected. Some scientists would not have been 
surprised to see multiple nuclei. The shape of the 
nucleus resembles that of a peanut or an elongated 
potato; its major axis is 15-16 kilometres, its minor axis 
8-10 kilometres. Also the Halley Comet nucleus was 
darker than expected, with a surface reflectivity 
(albedo) of only a few percent, comparable to the 
darkest objects in the Solar System. Close-up images of 
the nucleus revealed several crater-like features of 
about one kilometre diameter. It is not clear what 
caused them. Two major bright dust jets emanate from 
the sunward side of the nucleus. Dust jets are regions 
in the cometary coma in which the dust density is 
enhanced making the jets appear brighter than the 
ambient coma. The maximum brightness is close to the 


nucleus where the dust density is highest, because 
there the dust particles have not yet attained their full 
velocity. Apparently almost all of the emitted dust and 
gas comes from only a few discrete sources. 

Unfortunately, no Giotto images are available from the 
outward bound pass. This loss is compensated for by 
the images taken by the cameras on the Vega space¬ 
craft; they obtained images on the approach and 
outward bound passes, thus providing views of the 
nucleus from two different sides. With two spacecraft 
passing the nucleus at an interval of three days, it was 
possible to determine the rotation period of the Halley 
nucleus and to construct a three-dimensional model of 
it. All the images (Giotto and Vega) have a fuzzy ap¬ 
pearance because of the dust in the coma. Therefore, 
the exact shape cannot be determined and the dimen¬ 
sions have still an uncertainty of about one kilometre. 

One of the most important new results is the detection 
of infrared radiation from the nucleus region by the 
infrared spectrometer on Vega 1. The temperature of 
the nucleus region was found to be 300-400K, much 
greater than the sublimation temperature of water ice 
(180-200K). The conclusion is that the surface of the 


nucleus is covered by a thin insulating layer of dark, 
porous, refractory substance. There can be ice at a 
temperature of 200K below this crust of dust. The 
thickness of this crust of dust is not known. The 
conclusion that most of the surface of the nucleus must 
be covered by dust is consistent with the observed low 
albedo. 

Perhaps the most accurate determination of the 
rotation period of the Halley nucleus comes from the 
observations of the UV camera on board Suisei. This 
camera observed the size and brightness of the 
hydrogen cloud, or corona, surrounding the nucleus, in 
the ultraviolet, and found a regular brightness variation 
with a period of 52.9 hours. This brightness variation 
is attributed to a nucleus which regularly exposes a 
more active hemisphere to the Sun as it slowly rotates. 

Measurements of the elemental and isotopic 
composition of the nucleus are just as important as 
obtaining images. Usually one has to land on the 
surface of a body to determine its composition, but 
comets offer a unique opportunity. Due to the 
outgassing of comets it is, to some extent, possible to 
determine the nucleus composition by measuring the 


composition of the dust and gas in the coma. The 
composition of the dust particles does not change as 
they leave the nucleus, but unfortunately the 
composition of the gas changes with distance from the 
nucleus in complex chains of chemical reactions 
including ion-molecule reactions. The species at the 
beginning of these chains are the ‘parent molecules’; 
those unaltered molecules of which the nucleus is 
made. Some parent molecules can be observed 
directly, even at larger distances from the nucleus. 
Parent molecules with short lifetimes can in some cases 
be deduced when modelling the chains of chemical 
reactions. By measuring the density and outflow 
velocity of the gases and the dust in the coma the 
amount of material that leaves the nucleus can be 
determined. Estimates made before the encounters 
suggested that the production rates were several tons 
of gas and dust per second during the flybys; this 
would mean that a layer of one metre depth is 
removed from the nucleus on each apparition. 

The Vega and Giotto spacecraft carried dust and gas 
mass spectrometers and several other instruments for 
measurements of the gas and dust fluxes and 
composition. As expected, water vapour was the 










dominant parent molecule in the Halley Comet coma. 
At the time of the Giotto flyby the total gas production 
rate was 6.9x10” molecules a second of which 80% 
were water molecules. The water vapour production 
amounts to 15 tons a second. Carbon dioxide (C0 2 ), 
ammonia {NHJ and methane (CHJ were also found. 
Together they contribute about 10% or more of the 
parent molecules. The remaining parent molecules are 
probably some minor species which cannot be easily 
identified in the spectra. 

The gas escape velocity was 900 ± 200 metres a 
second which agrees well with the outflow velocity of 
1000 metres a second found for the ions close to the 
nucleus. A large number of ionic species could already 
be identified, among them hydronium (H,Cr), water 
(H 2 0*), hydroxyl (OH*), carbon (C*), methylidine (CH'), 
oxygen (O*), carbon monoxide (CO*), sodium (Na‘), 
sulphur (S + ), iron (Fe‘). Many ions had already been 
detected earlier by ground-based observations, but the 
variation of their abundance, temperature and velocity 
with distance from the nucleus were measured for the 
first time during the flybys. Quite unexpected was the 
large number of carbon ions and, on the other hand, 
a lack of nitrogen ions. The large C + abundance could 


be due to an unexpected source of atomic carbon 
which could be released from the nuclear surface or 
from the dust grains in the coma. 

The dust particles in the coma of Halleys Comet are 
composed of a large number of elements , and the 
spectra of individual dust grains display wide 
variations. Some spectra are dominated by the light 
volatile elements hydrogen, carbon, nitrogen and 
oxygen, other dust particles mostly consist of 
magnesium, silicon, iron. The average chemical 
composition of Halley’s dust is close to that of Cl 
chondrites (a carbon-rich stony meteorite) with carbon 
enriched by a factor of 8. The present status of data 
evaluation does not yet allow us to decide on elaborate 
experimental dust models or special formation 
processes of organic material. 

Dust particle impacts were detected out to a distance 
of 300000 kilometres from the nucleus, slightly further 
than was expected. Dust particles as small as 10 7 
grammes and as large as one gramme were detected, 
the latter causing a severe disturbance as it impacted 
on the Giotto spacecraft. The total dust production rate 
was 10 tons a second during the Vega 1 flyby, 5 tons 
a second during the Vega 2 flyby and 3 tons a second 







during the Giotto flyby. This activity variation is typical 
for Halley’s Comet and is, to some extent, explained by 
the rotation of the nucleus. When approaching the 
nucleus the dust fluxes should increase quadratically if 
the dust emission were spherically symmetrical. There 
are dramatic deviations from that simple law, and the 
sudden flux increases observed close to the nucleus 
confirm the existence of dust jets seen on the images. 

The interaction between the solar wind plasma and the 
cometary ionosphere can be characterised by two 
distinct boundaries, the bow shock and the contact 
surface. Outside the bow shock, far away from the 
nucleus, is the undisturbed supersonic solar wind. 
Inside the contact surface, close to the nucleus, there 
are only cometary ions, in between these two 
boundaries is a mixture of cometary and subsonic solar 
wind ions. Some cometary neutral particles can travel 
large distances from the nucleus before they are 
ionised and picked up by the solar wind (‘pick-up ions’). 
Such pick-up ions were observed by detectors on board 
the Vega and Giotto spacecraft out to distances of ^ 0 
million kilometres and possibly, by the International 
Cometary Explorer (ICE), even at distances of 30 million 
kilometres. 


The beam of pick-up ions in the solar wind excites low- 
frequency Alfven waves due to the ion-cyclotron 
instability. These waves were detected by magneto¬ 
meters on board Vega and Giotto at several million 
kilometres from the nucleus. Higher frequency waves, 
due to plasma instabilities associated with the pick-up 
of cometary ions by the solar wind, were observed out 
to 10 million kilometres by the plasma wave 
experiment on Sakigake and out to 30 million 
kilometres by the plasma wave experiment on ICE. 

Four spacecraft observed bow shock crossings, Vega 1 
and 2 and Giotto at a distance of approximately 1.1 
million kilometres during approach, and Suisei, passing 
the nucleus closer to the Sun, at a distance of 450000 
kilometres. The continuing solar wind loading by heavy 
cometary ions behind the shock results in a gradual 
deceleration of the plasma flow and a magnetic field 
build-up. Suisei observed a minimum flow velocity of 
approximately 50 kilometres a second at 150000 
kilometres from the nucleus, while the Vega spacecraft 
passing the nucleus much closer observed almost zero 
velocity at the subsolar point (outside the bow shock 
normally 400 kilometres a second). 








The Giotto magnetometer observed peak magnetic 
fields of 57 nT during approach, and 65 nT when 
outward bound, while the magnetometers on board 
the two Vega spacecraft observed 75 nT and 80 nT at 
their closest approach (outside the bow shock normally 
5-8 nT). 

Only Giotto passed the nucleus close enough to detect 
the contact surface; it was crossed at 4700 kilometres 
from the nucleus during approach and at 3800 
kilometres when outward bound. The contact surface 
was identified by a sharp transition between strong 
fields outside (magnetic pile-up region) and essentially 
zero field inside (magnetic ‘cavity’). Outside the contact 
surface a layer of stagnant cometary plasma was 
found; inside the cold cometary ions flowed smoothly 
outward at a velocity of approximately one kilometre 
a second. Across the contact surface the ion temper¬ 
ature dropped from 2600K to as low as 340K. The 
location of the contact surface should be determined 
by a pressure equilibrium between the magnetic 
pressure or solar wind ram pressure outside and the 
thermal pressure of the cometary ionosphere inside. 
Using the observed parameters in the equations, 
however, gives a distance which is much smaller than 


observed. Invoking the frictional force between the 
stagnating cometary ions and the neutrals in the region 
outside the contact surface leads to satisfactory 
agreement with the observations. 

The in-situ measurements made by Giotto, Vega 1, 
Vega 2, Suisei, Sakigake and ICE were complemented 
by a large number of remote observations. They were 
made at visual wavelengths from the ground and from 
the Solar Maximum Mission (SMM) in Earth orbit, and 
at ultraviolet wavelengths from the International 
Ultraviolet Explorer (IUE), the Dynamic Explorer (DEI), 
the Pioneer Venus Orbiter (PVO), and during four rocket 
flights. UV observations are not possible from the Earth 
due to atmospheric absorption; they are important 
because the cloud of hydrogen atoms around comets 
(Lyman-a emission at 1216 A) and the temporal 
behaviour of some primary constituents of the gaseous 
coma can only be observed in the UV. It was found that 
the hydrogen cloud around Halley’s Comet at the time 
of perihelion extended well over 10 million kilometres. 
The gas production rates and activity variation derived 
from the data agreed well with those obtained by the 
flyby spacecraft. Column abundances of a large 
number of species were provided for comparison with 










the in-situ measurements by Vega and Giotto. 

More than 1000 professional astronomers in 51 
countries and almost 1200 amateur astronomers, 
some of them using professional equipment, in 54 
countries provided a very large number of ground- 
based observations of Halley’s Comet, covering the 
period from its recovery on 16 October 1982 until the 
present Some SMM images are available from the few 
weeks around perihelion when Halley’s Comet was in 
angular proximity to the Sun and no observations 
could be made from the Earth. The most important 
contribution of the International Halley Watch (IHW) 
will be to provide as complete as possible a record of 
the 1982-1990 Halley apparition in different 
wavelengths and with sufficient temporal resolution. 
The work of the IHW is organised in eight observing 
nets: Astrometry, Infrared Spectroscopy and 

Radiometry, Large-Scale Phenomena, Near-Nucleus 
Studies, Photometry and Polarimetry, Radio Studies, 
Spectroscopy and Spectrophotometry, and Meteor 
Streams Studies. The observations cover the Halley 
dust and ion tails; those regions which were 
unexplored by the flyby spacecraft. They include the 
observations of dust jets from the ground which 


complement the observations of dust jets made in-situ 
by the cameras and dust impact detectors. In addition 
the observations determine the orbit of Halley’s Comet 
through precise astrometric observations needed for 
spacecraft navigation, and they provide insight into 
Halley’s long-term activity variations. Questions, such 
as ‘how long lived are the discrete dust sources on the 
nucleus?’, are fundamental for our understanding of 
the nucleus and can only be answered by observations 
over a long period of time, that is by ground-based 
observations. The necessity for having both ground- 
based and in-situ observations was illustrated in the 
determination of the nucleus albedo. Only by 
combining the measured brightness (product of albedo 
and size) at recovery and the nucleus size, as observed 
by the flyby spacecraft, was it possible to determine 
the nucleus albedo. 

The cooperation between the flight projects and the 
ground-based astronomers has brought together the 
largest number of scientists ever to combine efforts in 
a single astronomical project or study. 



Temps fort 


La comete de Halley vue par le Grand Prisme Objectif de 40 cm de diametre de I’ESO a La Silla, Chili, le ter mars 1986. Cette 
image fausse couleur est Stablie ci partir de trois plaques photographiques noir & blanc ei Emulsions et temps de pose differents: 
Emulsion lla O sensible au bleu (7 mn), emulsion lla-D sensible au vert avec filtre GG495 (7 mn) et Emulsion 098-04 sensible au 
rouge avec filtre RG630 (20 mn). On distingue parfaitement la queue de gaz (bleute) et la queue de poussiere (rougeatre). Le 
champ de vue est d'environ 1 0 (ou 3,3 millions km). 


Bbi/iaiomiieefl iiaynnuie peayjibTaTbi 

KoMCTa Tannea 1 MapTa 1986 r. M3o6pa>KeHne no/iy4eHo b EBponeflcKoft KDatHoft 06cepBaTopnH b Jla Cjuuia, Hhjih 
c noMoutbHD 40-um jiBoiiHoro acrporpa4>a. UseTHaji (boTorpat^im nonyneHa coBMememieM Tpex Hepno-6enbix 
cJjOTonaaTHHOK, ncnojib3yji pa3JiH4Hbie SMynbCHH h BpeMena 3Kcno3HUHn; SMyjibCHH Ila-O HyBCTBHTenbHaa k cHHeMy 
(7 mhh), 3MyjibCHH Ila-D c (JwnbTpOM GG 495 HyBCTBHTCJibHaa k 3eaeHOMy (7 mhh) h 3 MyjibCHH 098.04 c {JwjibTpOM 
RG 630 HyBCTBHT&JibHax k KpacHOMy (20 mhh). Ha (t)OTorpa(l)HH neTKO BHflHbi cnneBarbie xboctm ra3a h KpacHOBaTbie 
xBocTbi nbiJiH. Pa3Mep icanpa npHMepHO 1°, hjih 3,3 MHJumoHa khhomctpob. 
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Scientific Highlights 

Halley's Comet on 1 March 1986. The image was obtained with the 40 cm Double Astrograph of the European Southern Obser¬ 
vatory in La Silla, Chile. The colour photograph is a composite of three black and white photographic plates using different emul¬ 
sions and exposure times: blue sensitive lla - 0 emulsion (7 min), green sensitive lla * D emulsion behind a GG 495 filter (7 min) 
and red sensitive 098-04 emulsion behind an RG 630 filter (20 min). The picture clearly shows the bluish gas tails and the reddish 
dust tails. The size of the frame is about 1°, or 3.3 million km. 
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Images fausse couleur prises par la camera grand champ a dispositif a transfert de charge de I’ESO a La Silla, montrant la pre¬ 
sence de CO* dans la comete de Halley les 13, 14, 18, 19 et 20 mars 1986. On a utilise un fiitre interferentiel special de 7 nm 
de bande passante centra sur 426 nm, la ou se produit remission spectraie des ions CO + , qui sont repousses par Ie vent solaire 
vers ia comete. Ces ions sont vraisemblablement issus de I'anhydride carbonique (C0 2 ) present dans le noyau sous forme de 
glace seche. La succession des images montre des changements rapides intervenus dans la queue CO\ 


Bbi^aiomiiecfi HayMHbie pe3y/ibTaTbi 

CO* KOMerbi rajuien 13, 14, 18, 19 h 20 MapTa 1986 (cneBa HanpaBo). 3 th too^pajKGHna b ycjiosHbix uBerax Dbinu 
nouy4eHbi c noMombio uinpoKoyrojibKOH TB-xaMepbi Ha FI3C EBponeiicKoR IO/KhoR Q6cepBaTOpmi b Jla Cmura, 
Hhjih, c noMombto cnemrajibHoro HHxepcJjepeHUHOHHoro (twjibTpa. OwibTp iiMeer nonocy nponycKaHHJi 7 hm c 
ueuTpoM b6hh3h 426 hm, rue hmcct MecTO cneicrpajibHoe H3JiyHeHne CO + pamiKajia. HaoSpa/KeHna noKpbiBaiOT 
pacnpeja,eneHHe 3 thx hohob no KOMeTe, no Mepe roro xax ohh „BbiTajiKHBatoTca" coniienubiM seTpOM, Bcpohtho, 
hctohhhkom hx npouexo/K/ienHa aBnHeTCfl yrneKHcnbitt raa (COj), KOTopbift npucyTCTByeT b xanecTBe cyxoro Jiwta 
b anpe. Ha cepHH chhmkob bhaho, xax SbiCTpo npoHcxonaT ii3Meneun« a CO* xboctc. 
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Scientific Highlights 

C0‘ tail of Halley’s Comet on 13, 14, 18, 19, and 20 March 1986 (from left to right). These false colour images were obtained 
with the Wide Field CCD camera of the European Southern Observatory in La Silla, Chile, using a special interference filter. The 
filter has a passband of 7 nm and is centred near 426 nm, where spectral emission from the CO * radical occurs. The images 
show the distribution of these ions in the comet as they are pushed away by the solar wind, it is likely that they originate from 
carbon dioxide (COJ which is present as dry ice in the nucleus. The series of images displays rapid changes in the C0 + tail. 
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La com£te de Halley vue par le telescope de Schmidt de 1 m de diametre de I’ESO a La Silla (Chili) les 8, 9 et TO mars 1986 
(pose de 30 mn avec filtre bleu). Le 8 mars, la principale queue ionique prdsente une structure en torsade avec de nombreux 
serpentins etroits sur le versant sud; on distingue egalement pas moins de sept larges queues de poussiere diffuse sur le versant 
opposd. Le 9, la queue ionique devient plus dSsordonnee, les tortillons ayant une amplitude accrue; par contre les serpentins 
sont moins nombreux. Le jour suivant, une partie de la queue ionique s'est detachde, ph6nom&ne appele 'evenement de rupture', 
qui se produit lorsqu'une limite de secteur interplanetaire poussde par le vent solaire d^passe la comete. 


HhiaaKitunecH nayniibie pejyjibiaTbi 

KoMeTa Pajuiefl 8, 9 h 10 MapTa 1986 (cjiesa nanpaBo). 3 t 3 cepua 30-mhh chhhx 3kciio3huhh nonyneHa c noMoutbio 
1 -m TenecKona UlMHirra b EeponefiCKOH IOhchoA OOcepeaTopHH b Jla Cnn/ia, Hurra. Ha chhmkc, caejiaHHOM 8 MapTa, 
OCHOBHOft HOHHblH XBOCT MMCCT BOJIHHCTyiO CTpyKTypy H Ha tOJKHOH CTOpOHC BHJXHbl MHOrQtlHCJieHHbie y 3 KHe 
CTpHMepbi. Ha npoTHBOnojioMCHofi cxopOHe Taxace bhahbi, no KpanneH Mepe, ceMb uihpokhx AM<J)(J>y3Hbix nbuiesbix 
xboctob. Ha CHHMxe 9 MapTa hokhwh xboct Bbirjumeji 6ojiee 6ecnopaxiOHHO, aMruiHTytta ero aaBHTKOB yBejiHimiacb. 
BnziHbi xax ace HecKOJibKo cTpHMepoB. Ha chhmkc 10 MapTa nacTb HOHHoro xBocTa Hanajia oTpbiBaTbca. 3 to xeneHiie 
Ha3biBaeTca abjichhcm oTpbiBa. 3 to cjiy'taeTca, xorna KOMera npoxonuT nepes rpaHHiiy ceKTOpa MeacnnaHeTHoro 
ManiHTHoro iiojih. 
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Scientific Highlights 

Halley’s Comet on 8, 9, and 10 March 1986 (from left to right). This series of three 30 min blue exposures was obtained with 
the 1 m Schmidt telescope of the European Southern Observatory in La Silla, Chile. On the first date, the main ion tail has a 
wiggly structure and there are many narrow streamers on the southern side. At least seven broad, diffuse dust tails are also 
visible on the opposite side. On 9 March, the ion tail is more disordered; the amplitude of the wiggles has increased. There are 
also fewer streamers. The next day, a part of the ion tail has become detached. This phenomenon is called a disconnection event, 
it occurs when an interplanetary sector boundary carried by the solar wind passes the comet. 































temps fort 

Courbe de lumlftre de la comite de Halley pendant la saison 1985-86, montrant les variations de brillance ou de magnitude 
en fonction du temps (en haut) et de la distance au Soleil (^chel)e horizontale en bas). On a suprim£ I’effet des variations de 
magnitude du A la variation de la distance giocentrique A en portant, en ordonn£e, m t - 5 log A, ou m t est la magnitude 
observe; toutes les observations sont ainsi normalises sur A=i unit£ astronomique. Si I'activite de ia comete 6tait faible ou 
nulle, la brillance augmenterait de fagon quadratique a 1’approche du Soleil. Cependant, comme (’atmosphere de la comete aug- 
mente en volume et en brillance a mesure qu’on s’approche du Soleil, I’augmentation est encore beaucoup plus rapide. Les traits 
continus de la p^riode pr6c6dant le perih^lie correspondent a un accroissement & la puissance 4,5. L’accroissement entre 3 et 
1,8 UA est meme plus net, indiquant un important surcroTt d’activit^ cause sans doute par la sublimation de la glace qui com¬ 
mence a 2,8 UA. La dispersion des donn^es traduit non seulement les incertitudes rencontres pour la determination de la magni¬ 
tude mais aussi les variations reeiles de I’activite a court terme. 


Bbi/iaioiiiHecsi HayKHbie peiyjibTarbi 

KpsiBaa 6/iecKa KOMeTbi ramies bo speMH eg noaBjieHtifl b 1985/86 noKa3biBaer H3MeHeHne HpKOcru hjih -jBciziHofi Be.umiiHbi bo 
speMeHM (aepx) min c h3mciiciiiicm re/inoueHTpH^ecKoro paccroHHHfl (nii3, ropmoHTajibHan uiKana). 3ttxt)eKT inMeHCHiiH 3Be3.«HOii 
BejiHHHHW c reoueHTpmecKHM pacer on hhcm A 6bui ycrpaHeH, OTKjiaiibmaji no BepniKajibHofl och m r 5log A, rae m ecTb 
Ha6nK)iiaeMafl 3Be3^Ha« BeruiHHHa; tskhm o6pa30M Bee HaSjnoaaHHJt 6 mjih HopManmoBaHbi k A = I a.e, Ecjth KOMCTa 6buia 6bi 
neaKTUBHa, apKocTb yBenHHHnacb 6bi nponopunoHajibHO KBaapaTy paccTOHHHH ao Co/iHua. OflHaKO, pa3Mep axMoajiepbi KOMerbi 
h ee apcocTb yae/umHaartHCb npn npn6jiH)KeHHn k Co/muy 6ojiee pe3KO. CnnouiKbie jihhhh, cooTBeTCTByiotuHe oSnaerH no 
nepHrenna, noxasbiBaiOT 3KcnoneHmia/ibHoe yaejiHKeHHe hpkocth c noKaiare.neM 4, 5. Poct bpkocth b o6nacTH 3-1,8 a.e. eme 
Kpyue, mto yKa3biBaeT na paauHTiie ochobhoh aKTiiBHOCTH, aepoflTHO Bbi3BaHHOfi cySnnMamiefi Bonnoro Jibaa, KOTOpaa 
Ha4HHaercH b o6nacTn 2,8 a.e. PaaGpoc to^ck naHHbix oTpaaoer HeonpenenenHocrb naxovKneHnn 3Be3aHofi BemmHHbi, a Tasace 
CBH'tan c KOpOTKOBpeMCHHblMH (!3MeHeHM5tMH aKTHBHOCTII. 
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Scientific Highlights 

Light curve of Halley’s Comet during the 1985/86 apparition, showing the variation of the brightness or magnitude with time 
(top) or heliocentric distance (bottom horizontal scale). The effect of the magnitude variation due to a varying geocentric distance 
A has been removed by plotting m i - 5 log A on the vertical axis, where m t is the observed magnitude; in this way all observa¬ 
tions are normalised to A = 1AU. If the comet would be inactive the brightness would increase quadratically towards the Sun. 
However, as the cometary atmosphere grows in size and brightness towards the Sun, the increase is much steeper. The pre¬ 
perihelion solid lines correspond to an increase with the exponent of 4.5. The increase between 3 and 1.8 AU is even steeper 
indicating a major activity onset, presumably caused by the sublimation of water ice which starts at 2.8 AU. The scatter in the 
data points reflects uncertainties in the magnitude determination and also real short-term activity variations. 
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La contete de Halley vue par un objectif MD Rokker 1:1,7 / 50 mm le 21 mars 1986 (pose de 70 mn, film Perutz 100 ASA). La 
position de la comete dans le del etait alors proche de la Voie Lactee, dans la constellation du Sagittaire. On distingue nettement 
la forme longue et droite de la queue ionique, mais la faible luminosite de ses contours se noie dans les nuages brillants de 
la Voie Lact4e. 


HaaaKmiHBCH HayHHbie peayjibTarbi 

KoMCTa Faniien 21 MapTa, 1986. Mjo6pa)KeHHe nonyueHo c noMombw oSteKTHsa MD Rokker 1:1,7/50 mm. BpeMa 
3Kcn03HUHK 70 mhh Ha nneHKe Perutz (00 ASA. B 3tot aeHb KOMeTa pacnojiaranacb b6jih3h Mjie^Horo nyTM a 
co3Be3HHH Orpe.neu. Bcho BHaeH zuiHHHbifi npHMofi HOHitbiH XBOCT, ho cna6bift caeT ot naH6onee yaajienHbix ot 

ueHTpa o6aacTeR MactaipyeTC# $ohom chkhm* apKnx o6rtaKon MjteHHoro nyTM. 
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Scientific Highlights 

Halley’s Comet on 21 March 1986. The image was obtained with an MD Rokkor l: 1.7 / 50mm lens. The exposure time was 
70 min on Perutz 100 ASA film. On this date the comet was situated near the Milky Way band in the constellation Sagittarius. 
The long straight ion tail is dearly visible, but the faint light from its outermost parts is lost in the glow of the bright clouds 
in the Milky Way. 
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